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Abstract 
Place value is the foundation of the base-ten number system. An understanding of this 
construct plays an essential part in almost every aspect of Primary school mathematics. The 
majority of place value literature describes the significant difficulties students have 
understanding this construct. However, a close analysis suggests that there is a lack of clarity 
associated with the meaning of place value in the context of teaching and learning. As a 
consequence, curriculum documents, developmental frameworks and assessments associated 
with place value generally fail to provide teachers with a strong sense of relevant strategies 
for teaching this construct. This is particularly true in Years 3 to 6, where there is very little 
comprehensive research into students’ understanding of whole number place value. This leads 
teachers to focus on a small range of fairly superficial aspects of place value- such as reading, 
writing and comparing numbers- resulting in a shallow appreciation of the construct by many 
students. 
Six critical aspects of place value, namely: calculate, compare/order, count, make/represent, 
name/record and rename, were identified from an analysis of research literature. These 
aspects combine to provide a clear definition of place value and an important framework for 
future research on place value. With all six aspects in mind, this research sought to design, 
construct and trial both a comprehensive paper-and-pen and an online place value assessment 
tool. This assessment was designed to address the lack of quality place value assessment 
strategies currently available for Year 3 to 6 students in Victorian Primary schools. The Place 
Value Assessment Tool (PVAT) was piloted with around 600 Year 3 to 6 students at two 
Catholic Primary schools in Victoria, Australia. Concurrently, the PVAT-O (the online 
version of the test) was tried at a third Catholic Primary school with around 220 students. 
These trials, using Rasch modelling and supported by qualitative insights gathered from 
student interviews, conducted with around 15 students from each school, produced two 
internally consistent parallel forms of the paper-and-pen PVAT and a comparable online 
version of the test. 
In its final form, the paper-and-pen PVAT was used to measure student learning over a ten-
week period. The results suggested that students made substantive gains over this time. The 
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insights gathered from the qualitative teacher survey suggested possible reasons for this 
improvement. The surveys indicated that receiving students’ PVAT results and a short 
professional development session related to the six aspects and the test encouraged teachers to 
modify their instruction over the ten weeks. As a result, the PVAT was seen to be a quality, 
formative assessment tool appropriate for Year 3 to 6 students with the potential to inform 
teachers’ practice. 
The PVAT trial results were consistent with research which suggested males outperform 
females in achieving place value skills. This research project shows males consistently 
outperforming females on the PVAT in two schools. However, contrary to previous research 
in this area, the improvement measured in both the male and female cohorts over the ten 
weeks was comparable. The precise reasons for these results require further investigation and 
have important implications for place value instruction related to gender. 
In order to address the lack of quality whole number place value developmental frameworks 
available for Year 3 to 6 students, an empirically based Developmental Progression based on 
the PVAT data was created. The progression is described in terms of four key stages to help 
teachers monitor and guide their students’ place value learning. The progression identified 
important findings with implications for teaching place value, namely the importance of the 
rename aspect and the irrelevance of the size of numbers. The rename aspect of place value 
emerged as the most challenging and critical aspect for students, mostly because this relies on 
a deep understanding of composite units. This highlights the importance of focusing on this 
key aspect of place value in classroom instruction. The PVAT progression also suggests that 
the difficulty of items is not related to the size of numbers involved, as commonly assumed in 
the literature. For example, students may find a two-digit rename item more difficult than 
reading or writing a four-digit number. This finding suggests that teachers need to be aware 
that each aspect of place value has its own inherent difficulties. This finding also has 
significant implications for the many curriculum documents and frameworks which suggest 
progression in place value in solely related to the size of numbers students are using. 
This project presents qualitative and quantitative evidence that the PVAT, PVAT-O and the 
PVAT Developmental Progression provide teachers with a valuable resource for teaching 
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place value. It also highlights the importance of taking a unified systematic approach to place 
value research to facilitate more comprehensive understanding of what is involved in teaching 
and learning place value. With the assistance of the PVAT tools, and the knowledge of the six 
aspects, teachers will be able to assess students’ knowledge accurately, determine their 
current location on the progression, devise appropriate instruction to support their students 
and ascertain the extent of their improvement. For these reasons the PVAT is considered to 
make a valuable and practical contribution to the body of mathematics education research 
associated with place value. 
5 
CHAPTER 1 
Introduction 
The aim of this chapter is to provide a summary of the observations and experiences that led 
to the genesis of my PhD research project. My observations in Year 3 to 6 classrooms made it 
very clear that in order to support teachers to improve the quality of place value instruction, a 
clear definition of place value content was required. Furthermore, it was evident that a 
comprehensive assessment tool and Developmental Progression was needed for whole 
number place value beyond two-digit numeration. The development of a rigorous assessment 
tool and an empirically verified, comprehensive developmental framework became the goal of 
my research. 
1.1 Personal Experiences 
The first six years of my teaching career (2003–2008) were spent at a Catholic Primary 
School in metropolitan Melbourne, Victoria, Australia. During these years I was mostly in the 
Junior School, teaching Prep to Year 2 (P–2) students aged between five and seven1. From the 
outset my passion in education was for teaching mathematics and I was always very keen to 
develop my knowledge and teaching skills in this area. However, my school, like many 
Catholic Schools in Melbourne at the time, was in a process of introducing a very rigid, 
assessment-based Junior School Literacy program called the Children’s Literacy Success 
Strategy (CLaSS) (Crěvola & Hill, 1998). The program, initiated by the Catholic Education 
Office of Melbourne, provided substantial amounts of ongoing professional development to 
                                                 
1  Preparatory or Prep (P) was the name of the first formal year of schooling in Victoria, it is now known as 
‘Foundation’ (F) under the Australian Curriculum. The Australian Curriculum: Mathematics (ACM) was 
introduced in 2011. 
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all Junior School teachers and contributed considerable funding to our school. Nevertheless, I 
felt that the focus on Literacy was at the expense of Numeracy learning and teaching. 
At the school level, the inequality between Literacy and Numeracy funding was clear. Prep to 
Year 2 were afforded a full time Literacy Coordinator as well as a part time intervention 
teacher. The Literacy Coordinator regularly modelled lessons in classrooms and facilitated 
weekly Professional Learning Team (PLT) meetings for all Junior School teachers. Similarly, 
the Year 3 to 6 classes also had a full time Literacy Coordinator who modelled lessons and led 
meetings for their teachers. In contrast, the school had one Numeracy Coordinator, who was 
given one day a week to lead the whole school. The role allowed the Numeracy Coordinator 
to lead one staff meeting per term. The Numeracy Coordinator was rarely available to support 
or model quality teaching in classrooms and as a result, compared to Literacy, the teaching of 
Numeracy seemed to lack focus and structure. 
Fortunately the school Principal was well aware of the imbalance between Literacy and 
Numeracy and, wherever possible within the constraints of the school budget, he tried to 
increase the profile of Numeracy. As such, after I had been teaching at the school for two 
years, a new position was created: Junior School Numeracy Coordinator. I was lucky enough 
to be given the chance to take on this role and was very excited to be able to help start 
bridging the gap between Literacy and Numeracy, even if only in the Junior School. The role 
allowed me five hours per week (one hour per day) to facilitate fortnightly Junior Professional 
Learning Team meetings, and initiate the Extending Mathematical Understanding (EMU) 
(Gervasoni, 2004a) intervention program in the Junior School. 
In setting up the mathematics intervention program, I completed the EMU Specialist Teacher 
Course. My Pedagogical Content Knowledge and passion for mathematics grew exponentially 
as a result of this quality professional development. The EMU program was based around the 
framework of Growth Points (GP) developed in the Early Years Numeracy Research Project 
(ENRP) (B. Clarke, Sullivan, & McDonough, 2002). The Growth Points were and still are 
used to describe the general path students take through four Number domains in mathematics: 
Counting, Place Value, Addition/Subtraction and Multiplication/Division (B. Clarke et al., 
2002). I was also introduced to the Early Numeracy Interview (ENI) (Department of 
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Education, Employment and Training, 2001), a clinical interview designed for students in 
Prep to Year 6 (P–6) (Department of Education and Early Childhood Development, 2011b). 
At the EMU course we were shown how to use students’ responses to the ENI to estimate 
their location on the Growth Point Framework. For me, the link between the ENI and Growth 
Point Framework was very powerful. I could not wait to use both tools to guide and support 
my teaching, both in an intervention and classroom setting. As a result, over the next five 
years I became very familiar administering and interpreting both the ENI and the Growth 
Point Framework. This led me to recognise a significant issue associated with the assessment 
and progression of students in the construct of place value. 
1.2 The Issue 
Having been introduced to the ENI and Growth Points at the EMU Specialist Teacher Course 
I enthusiastically shared these tools with my P–2 colleagues back at school. The other P–2 
teachers were just as excited as I was about the possibilities of basing our Numeracy 
assessment and teaching around a developmental framework. Over the next few years we 
received significant release time from our Principal and were able to annually test all P–2 
students on the ENI number Sections. This testing allowed us to determine a Growth Point 
profile for each of our students. Immediately we felt our teaching was more targeted and 
effective. It seemed that slowly the profile of Numeracy was being raised at our school. 
Two years later in 2007 I was P–6 Numeracy Coordinator and was given the opportunity to 
work closely with the Year 3 to 6 students and teachers. By this time the ENI and Growth 
Point Framework were being used from P–6 in our school. I assumed that both tools would be 
as successful in Year 3 to 6 as they were in the Junior School. Generally this was the case; 
however, in the area of whole number place value there appeared to be some issues. While 
most Year 3 to 6 students were able to read and write numbers they seemed to lack depth in 
their place value knowledge. This was particularly evident when I asked them to rename 
numbers, for example ‘456=  __ hundreds, __ones’. Having spent time in various Year 3 to 6 
classrooms investigating this issue, I suspected the major influence was the lack of guidance 
available for teachers in relation to place value content, which resulted in a lack of quality 
place value assessments for Year 3 to 6 students. 
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1.2.1 ‘What exactly should we be teaching in place value?’ 
When planning their instruction, the Year 3 to 6 teachers at my school were guided by the 
Victorian Essential Learning Standards (VELS) curriculum. However, teachers considered 
the place value content references in VELS to be vague and largely unhelpful. For example, in 
Year 3 and Year 4, the only explicit mention of place value was one sentence in the Learning 
Focus Statement stating: “students use structured materials to explore place value and order of 
numbers to tens of thousands” (Victorian Curriculum and Assessment Authority, 2009, 
“Standards: Level 3: Mathematics,” para. 2). In contrast, teachers considered the ENRP place 
value Growth Point Framework provided them with more structure and detail. As a result, 
teachers from P–6 based their place value teaching around the framework and the associated 
ENI assessment. 
Yet my concerns with the level of place value understanding evident in Year 3 to 6 students 
led me take a closer look at the place value framework (see Table 1.1). 
Table 1.1. Early Numeracy Research Project (ENRP) Growth Point Framework for place 
value  
Growth Point Description 
0 Not apparent 
Not yet able to read, write, interpret and order single digit numbers 
1 Reading, writing, interpreting and ordering single digit numbers 
Can read, write, interpret and order single digit numbers 
2 Reading, writing, interpreting and ordering two-digit numbers 
Can read, write, interpret and order two-digit numbers 
3 Reading, writing, interpreting and ordering three-digit numbers 
Can read, write, interpret and order three-digit numbers 
4 Reading, writing, interpreting and ordering numbers beyond 1000 
Can read, write, interpret and order numbers beyond 1000 
5 Extending and applying place value knowledge 
Can extend and apply knowledge of place value in solving problems 
 
Note: Adapted from “Mathematics Assessment Interview- Growth Point descriptions” Department of Education 
and Early Childhood Development (2011a). 
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At each Growth Point I noted the emphasis on the skills of reading, writing, interpreting and 
ordering place value. To me, reading, writing and ordering numbers were relatively 
superficial skills in place value. All P–6 teachers appeared to clearly understand how to 
provide instruction in these skills. Yet when it came to interpreting place value, each teacher 
had a different understanding of what this skill ‘looked like’ in their classroom. The P–2 
teachers described interpreting place value, as ‘representing and manipulating numbers using 
materials’. This was evident in their teaching, which had a significant focus placed on using 
place value models and manipulatives. Junior School (P–2) teachers could suggest at least 
eight models they actively used in their classrooms when teaching interpreting place value 
(see Figure 1.1). 
 
Figure 1.1. Examples of Place value models used in Junior School (P–2) classrooms 
In contrast, the Year 3 to 6 teachers were not as sure what interpreting meant. Some 
mentioned ‘using a number line’ and ‘flexibly adding ten, one hundred or one thousand to 
numbers’, however there was hardly any mention of place value manipulatives. It was clear 
there were completely different interpretations of interpreting in the Junior and Upper 
schools. 
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This is not to say that the Junior School teachers were teaching interpreting place value more 
successfully than the Year 3 to 6 teachers. The size of the numbers the Junior School teachers 
generally worked with (one to three digits), meant they could place a major focus on using 
manipulatives and feel they were addressing interpreting. In contrast, the size of the numbers 
used in Year 3 to 6 classrooms (three or more digits) made it cumbersome to regularly work 
with manipulatives like base ten blocks. Thus, without manipulatives to focus on, the lack of 
clarity associated with interpreting place value became more obvious in Year 3 to 6. This led 
me and the teachers to ask, ‘what exactly should we be teaching in place value?’ 
In light of my concerns with the Growth Point Framework, I also began to question the ENI. 
The Year 3 to 6 teachers described how they often looked to the ENI assessment items for 
guidance on what interpreting at each Growth Point entailed. 
For example, the teachers looked at skills assessed in the following Growth Point Four 
interpreting items and focused on similar ‘more/less’ ideas: 
Tell me the number that is ten more than this number (2791) 
Tell me the number that is one hundred less than this number (3027) 
(Department of Education and Early Childhood Development, 2011b, p. 29) 
In effect the teachers were seen to be teaching to the ENI test, not because they wanted to 
inflate their students’ results, but because they were looking for content ideas related to 
interpreting place value. 
I had hoped to see more broad examples of interpreting place value exemplified in the ENI. 
Items involving renaming, calculating and estimating would not only have shown teachers a 
wider range of place value content, they also would have provided them with a more accurate 
picture of their students’ knowledge in place value. My observations suggested that the place 
value Section of the ENI was an incomplete measure of students’ knowledge in place value, 
particularly at Growth Point Five. 
At Growth Point Five the ENRP framework described students as ‘extending and applying 
place value knowledge’ (see Table 1.1). As this was the final whole number place value 
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Growth Point, Year 3 to 6 teachers seemed to believe students who reached this were 
‘experts’ in place value. These students were considered to have a solid grasp of whole 
number place value and required minimal further explicit instruction in this area. Teachers 
commonly moved on to decimal place value with these students. Yet, working closely with 
many Growth Point Five students, I noted deeper problems. While they could read, write and 
order large numbers successfully, their knowledge of renaming, representing numbers, 
estimating, calculating and their general sense of number was in many cases limited. This led 
me to describe these students as apparent experts in place value—they appeared to know 
more than they actually did. Most concerning to me was that, through no fault of their own, 
teachers were often unaware of these issues. Teachers used the Growth Point framework and 
ENI believing it was providing useful and accurate information to them, but the lack of clarity 
of place value content in both were hampering their efforts to provide quality instruction in 
this critical construct. 
Keen to remedy this problem for the Year 3 to 6 teachers, I attempted to find a more 
comprehensive place value assessment tool and developmental framework. While my initial 
investigation revealed a number of generic developmental frameworks that pointed to various 
aspects of place value (e.g., G. Jones, Thornton, & Putt, 1994; Ross, 1989), I was unable to 
find a comprehensive, easy to administer instrument to assess Upper Primary school 
children’s understanding of place value. This situation became the motivation for the research 
study to be reported here. 
1.3 Educational Context of Research 
This research project took place in Metropolitan Melbourne, Victoria, Australia. Melbourne is 
the capital city in the state of Victoria. Victoria has a population of approximately 5.6 million 
(June 2012), with around 4.25 million people residing in Melbourne (State of Victoria, 2013). 
The following Section provides an overview of the education system in Victoria so as to 
provide a context for the research. 
There are three main education providers in Victoria. They are the Victorian State 
Government, the Catholic Education Commission of Victoria and Independent Schools 
Victoria. The Victorian State Government is the largest provider of Primary schools, 
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providing approximately 1207 schools. The Catholic Education system is the second largest, 
with around 394 Primary schools and there are also approximately 184 Independent Primary 
schools (Department of Education and Early Childhood Development, 2013b). The three 
systems are quite distinct and work almost completely autonomously from each other, despite 
being based around the same curriculum documents. 
The Victorian Essential Learning Standards (VELS) (Victorian Curriculum and Assessment 
Authority, 2009), was the curriculum followed in Victorian Catholic and Government schools 
until 2011. Currently, the Government and Catholic Education schools are mandated to follow 
the AusVELS curriculum (Victorian Curriculum and Assessment Authority, 2014). AusVELS 
is a curriculum designed to provide a link for Victorian teachers between the superseded 
VELS curriculum and the newly introduced Australian Curriculum (AC) (Australian 
Curriculum Assessment and Reporting Authority, 2014). As mathematics was one of the first 
Learning Areas to be developed in the new Australian Curriculum, this document is currently 
included in AusVELS and is being used throughout Victorian schools. This curriculum 
document is referred to throughout this thesis as the Australian Curriculum: Mathematics 
(ACM). When the other Learning Areas of the Australian Curriculum are fully developed, 
they too will be introduced to all Catholic and Government schools (Howe, 2012). 
It is important to note that throughout the course of this project the education system in 
Victoria moved from using the VELS curriculum to the AusVELS curriculum (or in the case 
of mathematics, using the ACM document). As a result, reference is made to both the VELS 
and ACM curriculum documents throughout this thesis. This project took place in three 
Catholic Primary schools in Melbourne. Apart from an integral and compulsory curriculum of 
Religious Education on the Catholic doctrine, these schools follow the curriculum mentioned 
above (Catholic Education Melbourne, 2013). 
The following Section provides an outline of the structure of this thesis. 
1.4 Outline of Thesis 
Chapter Two: The literature review begins by exploring the history and meaning of place 
value. It compares developmental frameworks associated with place value and notes the 
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absence of an empirically developed framework beyond three-digit numbers. The need for a 
shared definition of the content required for quality teaching and learning in place value is 
explored. This leads to an investigation of the common skills or aspects associated with place 
value, resulting in the identification of seven aspects of place value: calculate, compare/order, 
count, estimate, make/represent, name/record and rename. The chapter broadly explores 
research associated with quality formative assessments and Developmental Progressions. The 
review then turns to an investigation of place value assessments including the ENI and place 
value items used in the TIMSS assessment. Place value manipulatives are discussed, as are 
the difficulties and common misconceptions associated with place value. Finally, the issue of 
gender influences on place value achievement is explored. The research questions arising 
from this analysis of the literature are presented in the conclusion of the chapter. 
Chapter Three presents the theoretical paradigm which underpins the research. This is 
followed by a detailed description and justification of the research design for the project. This 
design is based around four Phases of research: Phase One, Two, Three and Four. The chapter 
details the proposed quantitative and qualitative methods for data collection and analysis that 
will be used in each phase to address each of the research questions. The quantitative methods 
include Rasch analysis of the Year 3 to 6 student responses to the assessment instrument to be 
developed in this project, the Place Value Assessment Tool (PVAT), while the qualitative 
methods include student interviews and teacher surveys related to the test. 
Chapter Four describes the implementation of Phases One and Two. Any alterations to the 
methodological plan outlined in Chapter Three are described and justified. Phase One details 
the design, development and field-testing of PVAT items with Year 3 to 6 students at School 
A. This Phase results in the construction of Form A and B of the PVAT. Phase Two involves 
two iterations of a pilot aimed at refining Form A and B at School B. Rasch analysis and 
qualitative insights gathered in student interviews and teacher surveys are used to refine the 
test and construct Final Form A and B. Chapter Four concludes by detailing the necessary 
inclusion of Phase Two (a) in the project. This phase involves the creation and trial of an 
online version of the PVAT. The methodological plan for this phase of the research is then 
presented. 
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Chapter Five describes the implementation of Phase Two (a), Phase Three and Phase Four of 
the research. Again, any alterations to the proposed methodological plan are described and 
justified. Phase Two (a) details the trial of the PVAT-O with Year 3 to 6 students at School C. 
Rasch modelling is used to determine the internal consistency and comparability of the PVAT 
and the PVAT-O and qualitative student and teacher survey data is gathered. Phase Three 
details the administration of two trials of Final Forms A and B at School A. Student 
interviews and teacher surveys are conducted and provide important qualitative insights into 
the test. The chapter concludes by detailing the process to construct the PVAT Developmental 
Progression for place value. Using the Rasch test data analysed in Phase Three, this process 
results in the identification of four empirically-based stages of student progression in place 
value. 
Chapter Six details the results gathered in Phase Two (a), Three and Four of the research. The 
relevant results gathered in the project are used to address each research question. The Rasch 
data is used to prove the internal consistency of the PVAT test and its ability to measure 
students’ knowledge of whole number place value. The evidence-based PVAT Developmental 
Progression is presented and the comparability of the PVAT-O and PVAT is investigated. 
Finally the Early Numeracy Interview (ENI) and the PVAT are compared and the value 
teachers see in the PVAT is presented. 
Chapter Seven discusses in detail the major issues raised in the research project. Firstly, the 
development of the PVAT ‘teacher-friendly’ Developmental Progression, including the 
implications it has for the teaching and learning place value, is discussed. Next, each stage of 
the PVAT Developmental Progression is explored in relation to the relevant place value 
literature. The issues raised by the progression are addressed including the omission of the 
estimate aspect, the irrelevance of the size of numbers in the PVAT progression and the 
importance of the rename aspect. The relationship between the PVAT progression and the 
other research-based place value frameworks is discussed and the significance of the PVAT 
test in terms of teacher learning and instruction related to gender is explored. Finally, the 
PVAT-O assessment, including the possibilities presented by the audio assist feature and the 
affective influences this mode had on students and teachers, is discussed. 
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Chapter Eight concludes and summarises the research project. The chapter acknowledges 
some of the limitations of the study and makes final comments relating to the implications 
this project has for future research and practice. Finally, recommendations for future research 
are detailed including the importance of developing instructional tasks to support teachers 
using the Developmental Progression created in this project. 
17 
CHAPTER 2 
Literature Review 
This chapter introduces the central construct of this research project: whole number place 
value2. It explains the origins of place value, why this knowledge is integral to developing 
students understanding of mathematics and introduces some key terms that will be used in 
later discussions. Examples of developmental frameworks associated with place value are 
reviewed and analysed with a view to establishing a basis for the development of a 
comprehensive tool to evaluate Upper Primary school students’ progression in place value. 
This analysis will also identify precisely what knowledge, skills and understandings are 
involved in the teaching and learning of place value. 
The role of Developmental Progressions in teaching and learning are discussed more broadly 
to ascertain the extent to which these are accessible to, and used by teachers to inform their 
practice. This review will also consider the role assessment plays in identifying students’ 
learning needs and issues associated with the design of assessment more generally. This leads 
to an exploration of currently available and widely used place value assessment tools, 
including the Early Numeracy Interview (ENI). 
Finally, issues associated with the teaching and learning of place value are investigated with a 
view to identifying factors that may impact student achievement in this construct. These 
include when and how place value should be introduced, the use of manipulatives, the 
importance of teacher knowledge and the influence of gender. 
                                                 
2  Throughout the thesis 'place value' refers to 'whole number place value' unless otherwise indicated. 
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2.1 Introduction to Place Value 
2.1.1 History of Place Value 
Counting quantities and the recording of numbers has played an important role in almost every 
civilisation throughout history. From the Ancient Egyptians to the many Indigenous groups 
spread across the globe, almost all have recognised the importance of devising a system to 
describe quantity and time (Saraswathy Nataraj & Thomas, 2009). While each number system 
is unique in its structure and design, they all share the common goal of attempting to accurately 
and consistently communicate numeric values. Today, in most countries, the integral role of 
numeric communication is played by the Hindu-Arabic number system. 
In terms of history, it wasn’t until relatively recently that the current Hindu-Arabic system was 
adopted. This system, with its use of the symbol zero to represent a null numerical value 
(Anthony & Walshaw, 2004), was developed by the Hindu people in India between the fourth 
and seventh century and introduced into Europe by Arabic traders around 800 CE (Gundlach, 
1989). The invention of zero in the number system is considered by many as the most 
important mathematical breakthrough in history (Gough, 2011). This symbol is the cornerstone 
of the Hindu-Arabic system and has allowed the system to transcend culture and time. 
In India, large numbers such as tallaksana, which involved 53 zeros, were a regular part of the 
Hindu, Buddist and Jianism cultures (Saraswathy Nataraj & Thomas, 2009). Such numbers 
were used to contemplate different aspects of religion and the Indian people recognised the 
need to efficiently record and communicate these large quantities using a multiplicative 
structure (Bellos, 2013; Saraswathy Nataraj & Thomas, 2009). In contrast, the Romans and 
many other cultures based their numbers on additive systems (Siemon, Beswick, Clark, 
Faragher & Warren, 2011). The Roman system required the knowledge of many letters and 
their corresponding values to record even relatively small numbers. For example, 3281 was 
recorded as ‘MMMCCLXXXI’. This cumbersome chain of letters made working with large 
numbers and conducting most calculations a difficult and time-consuming process. It is no 
surprise, therefore, that the Hindu-Arabic place value system came to prominence and is still 
used today to effectively represent both extremely large and infinitesimally small numbers. 
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Inherent in its name, place value literally means that the place of a digit in a numeral determines 
its value. Throughout history only two cultures used a system based on place value: the Mayan 
and Hindu people (Joseph, 2002). Number systems based on place value only require a small 
number of symbols to represent numbers of any magnitude. For example, in the base-ten Hindu-
Arabic system, only the digits ‘0’, ‘1’, ‘2’ ,’3’, ‘4’, ‘5’, ‘6’, ‘7’, ‘8’ and ‘9’ are required, while a 
base-five place value system only the digits ‘0’, ‘1’, ‘2’, ‘3’ and ‘4’ are required (see Dienes, 
1960 for further examples). Yet underlying its simplistic appearance, a place value system has a 
structure that is amazingly complex. As Ifrah (1998) insightfully states: “[place value] seems to 
have such obvious simplicity that we forget how the human race has stammered, hesitated and 
groped through thousands of years without discovering it and that civilisations as advanced as 
the Greek and Egyptian completely failed to notice it” (p. 399). 
2.1.2 What is Place Value? 
The fact that it took the human race so long to develop the base-ten Hindu-Arabic place value 
system may signal why it is difficult for students to learn (I. Thompson, 2003). At the very 
simplest level, students (and teachers) are often confused by the meaning of vocabulary 
commonly associated with place value: digits, numerals and numbers. Digits are considered 
the written number symbols for the numbers zero (0) to nine (9) (Booker, Bond, Briggs, & 
Davey, 1998). Numerals are any symbol or word used to denote a number, while a number is 
defined as a quantity (Siemon et al., 2011). Thus the numeral 34 is recorded using the digits 
‘3’ and ‘4’ and represents the number of 34 items. With a clear understanding of this 
vocabulary, it is possible to detail the four main properties commonly considered to underpin 
the place value system (Ross, 2002). An appreciation of these fundamental properties allows 
the Hindu-Arabic system to be effectively used to communicate numbers. 
● Positional property: The position of the digit in the numeral represents its value. 
● Base-ten property: The values of each position in a numeral increase by a power of ten 
from right to left. 
● Additive property: The quantity represented by a numeral is the sum of the value 
represented by its individual digits. 
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● Multiplicative property: The value of a digit is determined by multiplying its face value 
by the value assigned to its position in the numeral. 
One must coordinate and synthesise these properties to correctly read, say and record 
numbers. The positional property, whereby the value of each digit is indicated by its relative 
position in the numeral, means that in the numeral 356, the position of the digit ‘3’ indicates a 
count of hundreds, ‘5’ a count of tens and ‘6’ a count of ones (Fuson & Briars, 1990). The 
multiplicative property then allows the calculation of each digits’ value. For example, in 356 
the face value of ‘3’ is multiplied by its place value which is hundreds, meaning its value is 
‘three hundreds’ or ‘300’. The additive property states that the quantity represented by 356 is 
the sum of each individual digits’ place value, namely 300 + 50 + 6. Finally, one of the most 
important, yet least understood characteristics of place value is the base-ten property or ‘ten 
of these is one of those’ (Siemon et al., 2011) idea. This relates to the “infinitely extendable” 
idea (N. Thomas, 2004, p. 305) that each place value unit is ten times the value of the place 
value unit to its right (Fuson, 1990a). For example, in the number 333, three hundreds are ten 
times larger than three tens and three tens are ten times larger than three ones. This is known 
as the “recursive multiplicative structure” (N. Thomas, 2004a, p. 311) of the base-ten 
numeration system. 
Yet it is the symbol zero which is the real ‘hero’ of the place value number system. Without 
zero, the place value system would be unworkable. However, Lappan and Montague Wheeler 
(1987) note that children often incorrectly consider zero to represent ‘nothing’, leading to 
difficulties with place value notation. Similarly unhelpful is the common description of zero as 
a placeholder (Montague Wheeler & Feghali, 1983). The ‘placeholder’ description is 
succinctly rebuked by Booker et al. (1998) who state: “since zero tells us that there is none of a 
particular place, it can hardly be ‘holding the place’ for any other digit” (p. 57). The presence 
of both misunderstandings in classrooms suggest the need for clear and explicit instruction 
related to the concept of ‘zero’ when introducing place value (Anthony & Walshaw, 2004). 
2.1.3 Why is Place Value so Important? 
Place value knowledge has been described to be as important as the framework of a house, 
such that if a student’s knowledge in this area is shaky, his/her understanding of mathematics 
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as a whole is affected (Major, 2011). An understanding of place value has been shown to be 
closely related to students’ sense of number (McIntosh, Reys, & Reys, 1992), understanding 
of decimals (Moloney & Stacey, 1997) and comprehension of multi-digit operations (Fuson, 
1990a, 1990b). Furthermore it is seen to underpin almost every aspect of the mathematics 
curriculum, from counting, estimating, money, addition, subtraction, multiplication, division 
and measurement through to percentages. Place value is fundamental to a student’s ability to 
experience success in mathematics and, as such, is an integral part of the Primary school 
syllabus. 
With such a wide ranging influence on children’s understanding of mathematics, place value 
appears to be intrinsically linked to ‘number sense’. McIntosh et al. (1992) define number 
sense as: 
a student’s general understanding of number and operations along with the 
ability and inclination to use this understanding in flexible ways to make 
Mathematical judgments and to develop useful strategies for handling numbers 
and operations. (p. 3) 
Yet as Sowder (1992b) noted, the construct of number sense is an all-encompassing idea that 
can be difficult to succinctly define for the purposes of teaching and assessment. Interestingly, 
this also appears true of the construct of place value (for further discussion see Section 2.3). 
As such, the suggestion by Silver (1989) to break down the phenomenon of number sense into 
‘pieces’, saw the construction of a widely accepted framework developed by McIntosh et al. 
(1992). This framework aimed to support researchers and teachers by defining number sense 
in terms of three main components. According to McIntosh et al. (1992) the first component 
of number sense relies on a sense of the orderliness of number, an understanding that there are 
multiple representations for numbers and a sense of relative and absolute magnitude of 
numbers. These skills highlight the interdependent nature of the relationship between number 
sense and place value and suggest that improving the teaching and assessment of place value 
could positively influence students’ overall sense of number. 
Clearly, developing students’ whole number place value knowledge is crucial to students’ 
number sense and hence their overall success in mathematics. Place value may well be 
considered the key that unlocks the door to mathematics for students. 
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2.2 Research on the development of students’ place value knowledge 
Much research has been conducted into place value particularly in the 1980s and 1990s. The 
majority of this research focused on the acquisition of two-digit place value knowledge in 
young children (six- to eight-year-olds). Several studies attempted to describe the paths taken 
by students when coming to understand place value. These Developmental Progressions, or 
frameworks, can be used to guide the teaching of place value. The following Section will 
explore these frameworks in detail. 
Several methodological approaches have been used to develop place value frameworks and 
each offers different yet important insights into the learning of place value. However, in order 
to determine how each contributes to the overall body of research in this area, it is important 
to analyse each framework critically. Table 2.1 summarises eleven studies that have produced 
a framework or progression to describe students’ development in place value. 
Table 2.1. Summary of Developmental Progressions in place value 
Researcher(s) Type of study Stages/Levels 
How progression 
was developed Focus 
Steffe, von 
Glasersfeld, 
Richards, and 
Cobb (1983) 
● Student 
interviews 
1 Initial number sequence 
2 Using numerical composites 
3 Making experimental composite 
units 
4 Making figurative composite 
units 
5 Making abstract composite units 
Observations and 
analysis of student 
responses 
Two-digit 
numbers 
Resnick (1983) ● Literature 
review 
● Student 
observations 
1 Unique partitioning of multi-digit 
numbers 
2 Multiple partitionings of multi-
digit numbers 
3 Application of part-whole to 
written arithmetic 
Findings from 
literature and 
observations of 
students  
Numbers 
up to 1000 
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Researcher(s) Type of study Stages/Levels 
How progression 
was developed Focus 
Cobb and 
Wheatley 
(1988) 
● Interview based 
● 14 Year 2 
students from 
same school 
● Tasks: 
counting, 
horizontal 
addition, tens 
tasks and 11 
addition 
algorithms 
1 Ten as a numerical composite 
2 Ten as an abstract composite unit 
3 Ten as an abstract collectable unit 
Based on Steffe et 
al. (1983) research 
and analysis of 
student responses. 
Two-digit 
numbers 
Ross (1989)  ● Interview based 
● 60 students 
from Year 2–5 
students from 
five different 
schools 
● Tasks: six 
different digit 
correspondence 
items 
1 Whole numeral 
2 Positional Property 
3 Face Value 
4 Construction Zone 
5 Understanding 
Refinement of her 
model developed 
in 1986, using 
findings from 
literature and 
observation of 
students. 
Two-digit 
numbers 
Sinclair, Garin, 
and Tieche-
Christinat 
(1992) 
● Interview based 
● 130 students 
aged between 
five and nine, 
different 
schools 
● Tasks: nine 
different digit 
correspondence 
items 
Group 1: Whole collection is not 
accounted for 
G2: Partitioning the whole 
collection is a possibility 
G3: Partitioning the whole 
collection is a necessity 
G4: Some collections partitioned 
correctly 
G5: All collection partitioned 
correctly 
Observations of 
student responses 
Numbers 
up to 156 
G. Jones et al. 
(1994) 
● Interview based 
● Case study on 
six Year One 
students 
● Tasks: 16 items 
designed to 
address 
framework (42 
students were 
used to validate 
these items on 
three occasions) 
Level 1: Pre-place value 
L2:  Initial place value 
L3:  Extended Place value (one) 
L4:  Extended Place value (two) 
Framework 
developed from 
literature 
associated with 
multi-digit 
numbers. Student 
responses used to 
refine framework 
Two-digit 
numbers 
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Researcher(s) Type of study Stages/Levels 
How progression 
was developed Focus 
G. Jones, 
Thornton, Putt, 
Hill, Mogill, 
Rich & Van 
Zoest (1996) 
● Interview based 
● Case study on 
six Year One 
and six Year 
Two students 
from same 
school. 
● Tasks: 20 items 
based on 
framework 
● Data collected 
on four 
occasions over 
two years 
Level 1:  Pre-Place value 
L2:  Initial Place value 
L3:  Developing Place Value 
L4:  Extended place value 
L5:  Essential Place value 
Framework 
refined from that 
developed in G. 
Jones et al. (1994). 
Level 5 was 
introduced. 
Student responses 
used to confirm 
framework 
Numbers 
up to 1000 
Fuson, 
Wearne, 
Hiebert, 
Murray, 
Human, 
Olivier, 
Capenter & 
Fennema 
(1997) 
● Observations 
made in 
classrooms 
from four 
different 
research 
projects 
● Six to nine 
year-olds 
1 Unitary multidigit conception 
2 Decade and ones conception 
3 Sequence-tens and ones 
conception 
4 Separate-tens and ones 
conception 
5 Integrated sequence- separate 
tens conception 
Observations 
made by 
researchers over 
several years 
supported by 
literature 
associated with 
multi-digit 
numbers. 
Mostly 
two-digit 
numbers 
D. Clarke, 
Cheeseman, 
Gervasoni, 
Gronn, Horne, 
McDonough, 
Montgomery, 
Roche, 
Sullivan, 
Clarke & 
Rowley (2002) 
● Interview based 
● 5000+ Prep to 
Year Two 
Students 
● Tasks: approx. 
25 designed to 
address Growth 
Points. 
*referred to as Growth Points 
1* Not apparent 
2* Reading, writing, interpreting 
and ordering single digit 
numbers 
3* two digit numbers 
4* three digit numbers 
5* numbers beyond 1000 
GP6: Extending and applying. 
Growth Points 
developed from 
literature 
associated with 
place value. 
Student responses 
used to refine 
Growth Points.  
Numbers 
up to 
seven- 
digits 
Young-
Loveridge 
(1999a) 
● Synthesis of 
literature 
1 Unitary concept 
2 Ten structured concept 
3 Multi-unit concept 
4 Extended multi-unit concept 
Progression 
developed from 
literature 
associated with 
students’ place 
value 
development. 
Up to 1000 
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Researcher(s) Type of study Stages/Levels 
How progression 
was developed Focus 
Batista (2012) ● Interview based 0 Difficulty counting by ones 
1 Student operates on numbers as 
collections of ones (no skip 
counting by place value) 
2 Students operates on numbers by 
skip-counting by place value 
3 Student operates on numbers by 
combining and separating place 
value parts 
4 Student understands place value 
in expanded algorithms 
5 Student understands place value 
in traditional algorithm 
6 Student generalises place value 
understanding to large numbers, 
numbers less than one and 
exponential notation 
Observations and 
student responses. 
Mostly 
two- and 
three-digit 
numbers 
 
From Table 2.1 it can be seen that seven of the eleven frameworks are focused on the 
acquisition of two- or three-digit place value. While authors such as G. Jones et al. (1996) and 
Fuson, Wearne, et al. (1997) mention the possibility of extending their frameworks to four-
digits and beyond, there is no explicit mention of how this may be achieved. In this way, these 
studies imply that once students have achieved an understanding of the three-digit place 
value, they should be able to translate this knowledge readily to the rest of the number system. 
This assumption is based on the recursive “HTO pattern” (Siemon et al., 2011, p. 310) which 
underpins the system. This system sees the ‘Hundreds’, ‘Tens’ and ‘Ones’ unit names 
repeated within ‘periods’ named thousands, millions and billions (see Figure 2.1). 
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Figure 2.1. Base-ten number system ‘HTO’ pattern with periods 
The regularity of this pattern suggests that students with a solid understanding of three-digit 
place value should be able to see how this pattern iterates through the number system. In 
reality, this appears to be a very difficult transition for children to make. This was noted by N. 
Thomas (2004) who observed that very few students in Year 1 to 6 understood the 
multiplicative relationships within the place value system. Thus, despite having some 
appreciation of place value at a ‘micro’ level, students do not appear to possess a ‘macro’ 
understanding of the number system. 
In Table 2.1 it can be seen that there are very few studies that address students’ knowledge 
beyond four-digit place value. The Growth Points developed in the Early Numeracy Research 
Project (ENRP) (2011a) (see Table 1.1) describe how students’ knowledge progresses from 
‘read, write, interpret and order three-digit numbers’, to ‘read, write, interpret and order four-
digit numbers’, to finally ‘extending and applying place value knowledge’. Similarly the final 
level in the framework developed by Battista (2012) states students will be able to 
‘“generalize place value understandings to large numbers, numbers less than one and 
exponential notation” (p. 10). Yet one suspects, for Upper Primary school teachers, that 
further detail of precisely how to support students in ‘extending’ ‘applying’ and ‘generalising’ 
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their place value knowledge is required, highlighting the need for extensive place value 
research beyond three- and four-digits. 
It is not only the range of the place value frameworks shown in Table 2.1 that appears limited, 
it is also their generalisability. The methodological approaches used in several studies show a 
strong affinity with qualitative research. Almost all of the studies are based around 
observations and interviews with small samples of children. There is no denying the depth of 
the insights that can be gained from such approaches. However compared to large scale data 
collection, the breadth of items and student abilities that can be investigated using 
observations and interviews can be limited. For example, the framework developed by S Ross 
(1989) was based on data from only six tasks, and the G. Jones et al. (1996) framework, 
involved interviews with only 12 students. In contrast, the ENRP research (D. Clarke et al., 
2002) was conducted with over 5000 students and used over 25 items to assess students’ 
knowledge of place value. Yet, despite the large scale data gathered in the ENRP, Item 
Response Modelling (IRM) was not used to construct their Growth Point Framework. 
Considering the successful use of IRM in various mathematical constructs (e.g., Callingham, 
2004; Siemon, Breed, Dole, Izard, & Virgona, 2006; J. Watson, Kelly, & Izard, 2006) such an 
approach may provide important empirical evidence into students’ Developmental 
Progression in the achievement of place value concepts. 
Any developmental framework is only as good as the items chosen; that is, the actual place 
value content upon which it is based. With this in mind it is important to note that in Table 2.1 
each study focuses on different skills and areas within place value. For example, the ENRP 
(D. Clarke et al., 2002) framework focuses around the skills of reading, writing, ordering and 
interpreting place value, while Cobb and Wheatley (1988), Fuson, Wearne, et al. (1997) and 
Young-Loveridge (1999a) are based mostly on the development of students’ understanding of 
the composite unit ten. While all are essential skills and understandings required in place 
value, the absence of one shared meaning of place value makes it difficult to identify a 
comprehensive framework. For this reason, Section 2.3 will attempt to define more precisely 
the skills and knowledge required for a full understanding of place value. 
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2.3 What Exactly is Involved in Learning Place Value? 
While place value can be defined concisely as: 
the property of the base-ten numeration system, by which the numerical value 
represented by each digit of a written multidigit symbol is equal to the product 
of the digit’s face value and the power of 10 associated with the digit’s 
position in the numeral (Miura & Okamoto, 1989, p. 105) 
the meaning from a teaching and learning perspective is not so clear. Major (2011) 
summarises this quandary stating: 
research provides information about the development of children’s thinking in 
place value, yet place value is an ill-defined concept in terms of teaching 
components. Its place in mathematics is clear, but how that translates to what 
should be taught, and how, is not. (p.16). 
Thus, developing a shared definition of the content required to ‘learn’ place value is an important 
first step to focus research in this area. The framework developed by G. Jones et al. (1994) and 
later refined by G. Jones et al. (1996) exemplifies a systematic approach to investigating the 
skills required for place value understandings. Their 1996 framework identifies four major 
“constructs” (p. 311) considered to be central to the development of what they describe as 
“multi-digit number sense” (p. 311) or place value knowledge. The constructs are described as: 
counting, partitioning, grouping and number relationships. Their framework tracks students’ 
development in each construct concurrently and identifies four levels of understanding (see 
Appendix B). G. Jones et al. (1996) reported that there was a high level of consistency across all 
four levels. That is, students who were observed to be at Level One in counting, also appeared to 
display this level of understanding in items assessing grouping, partitioning and number 
relationships. This suggests that the interplay between the four constructs is important. This 
research by Jones and his colleagues exemplifies the idea of identifying and characterising the 
specific skills and knowledge in place value and how such skills relate to each other. However, 
in light of other research into place value, one questions whether the four ‘constructs’ identified 
by G. Jones et al. (1994) and G. Jones et al. (1996) are adequate. 
Several other researchers have also attempted to identify specific place value components. For 
example, Rubin and Russell (1992) describe how place value knowledge relies on children’s 
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counting, grouping, comparing, estimating and notating skills. While Hiebert and Wearne 
(1992) state: (italics not included in original text) 
Understanding place value involves building connections between the key 
ideas of place value, such as quantifying sets of objects by grouping by 10 and 
treating the groups as units, and using the structure of the written notation to 
capture this information about groupings. Different forms of representation for 
quantities, such as physical materials and written symbols, highlight different 
aspects of the grouping structure, and building connections between these 
yields a more coherent understanding of place value. (p.99) 
It is evident from Table 2.1 and the discussion above that while there are some similarities 
between the key components authors propose are involved in place value, there is also 
divergence. This indicates that there is a clear need to systematically analyse, identify and 
define common overarching categories. 
The components suggested by Rubin and Russell (1992) and G. Jones et al. (1996) (i.e., 
Counting, Grouping, Partitioning, Number Relationships/Comparing, Estimating and 
Notating) provide a starting point for such an investigation as they acknowledge an attempt to 
define the skills of place value. In Sections 2.3.1 to 2.3.8 the literature associated with place 
value more broadly is analysed with respect to these six components. The intention of this 
analysis is to produce an evidence-based, necessary and sufficient synthesis of the knowledge, 
skills and strategies underpinning the construct of place value. 
2.3.1 Counting 
G. Jones et al. (1994) describe counting as the “pivotal component” (p.121) in their 
framework. They describe the importance of counting forwards and backwards by hundreds, 
tens and ones or, as Siemon et al. (2011) describes, in “place value parts” (p. 302). G. Jones et 
al. (1994) also explain the critical nature of students’ understanding ten as an iterable 
countable unit; that is, a unit that can be counted. Much of the place value research conducted 
in the 1980s related to children’s construction of the concept of the unit ten (Cobb & 
Wheatley, 1988; C. Kamii, 1986; Ross, 1989; Steffe et al., 1983). Several key terms 
associated with the idea of a unit are used throughout the literature. These relate to the idea of 
ten as a composite unit. Essentially a composite unit is a unit made up of smaller units. For 
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example, the unit ten is made up of 10 units of one3. However, Cobb (1995b) makes an 
important distinction between the idea of ten as a numerical composite unit and an abstract 
composite unit. 
Cobb describes when a student sees ‘10’ as a numerical composite unit, they count on in tens 
but use a count of ones, for example, ‘10, 20, 30, 40…’. The student is viewing each unit as 
10 ones. By contrast, when students are able to see ten as an abstract composite unit, they 
count on by ‘1 ten’. For example, students may say, ‘1 ten, 2 tens, 3 tens’. As C. Kamii (1986) 
argues, these students are able to view the units simultaneously as ‘1 ten and 10 ones’. Cobb 
(1995b) explains that an appreciation of ten as an abstract composite unit requires 
multiplicative thinking and is an important indicator of students’ progression in place value 
understandings. This is supported by Ross (1989) and Fuson, Wearne, et al. (1997) who note 
the conceptual jump students make when moving from a unitary view of numbers to one 
where they appreciate ten as a unit. Throughout this thesis, unless indicated, the term 
composite unit will refer to an abstract composite unit as defined by Cobb and Wheatley 
(1988). 
It has been noted that many students fail to see the link between place value and counting. C. 
Kamii (1986) noted that when students are asked to count a large collection of items, almost 
all counted by ones. Similarly, N. Thomas (2004) noted that although Year 4 to 6 children in 
his study could coordinate a simultaneous count of tens and ones when instructed to do so, 
many did not intuitively group in tens (see Section 2.3.2). This highlights the importance of 
students being aware of the link between grouping by tens, counting and place value. 
R. Wright, Ellemor-Collins, and Tabor (2011) used their Conceptual Place Value (CPV) 
approach to make an important link between counting, mental computation and place value. 
CPV places significant importance on students being able to coordinate a count of multiple 
place value units and allows students to develop sophisticated tens thinking. As Baturo (2000) 
explains, counting forwards and backwards can be considered addition and subtraction using 
an iterated unit, supporting the underpinnings of the CPV approach. Another important 
                                                 
3  Throughout this thesis the size of the composite unit will be written in words and the number of these units in 
numerals. For example, 5 tens, indicates 5 composite units of size ten. 
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feature of the CPV program is the importance it places on the skill of bridging. Research into 
counting and place value have both noted the difficulties when a counting pattern bridges over 
the decuple, for example ‘52, 51, 50, 49, 48’ or the centuple ‘198,199, 200, 201’. The act of 
bridging requires children to recognise the need to regroup 10 ones as 1 ten or 100 ones to 1 
hundred. 
In summary, the literature suggests clear links between counting and place value knowledge. 
As such it is considered to be an important component of place value. 
2.3.2 Grouping 
G. Jones et al. (1994) consider grouping a key concept in their framework. They support the 
ideas of Bednarz and Janvier (1988), who note that grouping underpins an understanding of 
multi-digit numbers. Yet as there appears to be several contexts in which the idea of grouping 
is used, it is important to distinguish between each. Grouping is often described in relation to 
counting. Bednarz and Janvier (1988) observed the strategies students used to assist them to 
count a collection efficiently. They reported that some students did not see a purpose for 
grouping and simply counted by ones, while others used groupings of twos or fives. Thus in 
this context, as Bednarz and Janvier (1988) point out, grouping is considered the skill 
required to organise a collection to make subsets that have the same number of items. Yet if 
grouping is to relate to place value, it is critical that children see the importance of grouping 
in tens. 
In order to investigate the grouping in tens idea, N. Thomas (2004) investigated the 
proportion of students who spontaneously grouped in tens when counting a collection. In his 
study of 132 Year 1 to 6 students, he noted a gradual increase in the use of the grouping in 
tens strategy, from around 20% of Year 1 students to 60% of Year 6 students. However, N. 
Thomas (2004) noted that most students who suggested grouping in tens could not offer a 
reason for their choice and appeared to be unaware of the link between grouping by tens and 
our number system. 
In research, place value manipulatives are commonly used to support students to develop the 
grouping in tens idea (see Chapter 1, Figure 1.1 for examples). The fact that grouping in tens 
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is inherent in place value manipulatives, appears to advocate their use in this context. 
However, as research by Bednarz and Janvier (1988), C. Kamii, Lewis, and Kirkland (2001) 
and N. Thomas (2004) suggests, simply using these manipulatives does not guarantee students 
will see the link between grouping in tens and place value. 
This is particularly evident in research associated with students’ understanding of addition 
and subtraction algorithms. Despite being able to group, regroup and compute competently 
using base-ten manipulatives, students were observed to not make the link between the 
grouping completed with manipulatives and the grouping ideas underpinning the written 
algorithm (Hiebert, 1984; Resnick & Omanson, 1987). Thus it appears there may be a 
disconnect between the grouping in tens idea supported by manipulatives and the 
understanding required to group and regroup without manipulatives. For the most part, the 
skill of grouping and regrouping without the use of manipulatives is referred to as 
partitioning. These terms are closely related with each relying on an understanding of the 
equivalence of 1 ten and 10 ones and, as a consequence, appear to be used interchangeably in 
the research literature. In order to distinguish between these terms the remainder of this 
Section will address grouping in tens associated with manipulatives, while Section 2.3.3 will 
investigate the idea of partitioning without manipulatives. 
Several place value manipulatives or models are commonly referred to in the literature. These 
include counters, bean sticks, stick bundles, tens frames, base-ten blocks and the stick abacus 
(Siemon et al., 2011; Young-Loveridge, 1999b). Such models fall into two categories: 
proportional and non-proportional. Proportional models use objects with sizes proportional to 
their quantities. Hiebert and Carpenter (1992) explain that these models provide considerable 
contextual support for students to appreciate the relationship between the model and the 
grouping ideas in place value. Base-ten blocks (Dienes, 1960) are an example of proportional 
model, because 10 ‘ones’ blocks represent the quantity ‘1 ten’. In contrast, non-proportional 
models are objects with sizes than bear no relationship to their quantity. This can be seen 
when, for example, blue counters are used to represent ‘ones’ while red counters represent 
‘tens’. Clearly the allocation of colours is arbitrary and thus there is no explicit link between 
the counters and the quantity they represent. As Baroody (1990) notes, non-proportional 
models provide considerably less contextual support to students and rely on a more abstract 
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appreciation of the link between place value and grouping. Nonetheless, proportional and 
non-proportional manipulatives both physically represent the grouping in tens idea for 
students. 
Bednarz and Janvier (1982) advocate challenging students’ notions of grouping by using 
unfamiliar contexts. Their research used examples of lollies, flowers and cereal grouped in 
packets of tens. In a similar way, research by N. Thomas (2004) presented students with 
unfamiliar grouping contexts. N. Thomas (2004) noted that many students understood 
familiar representations, such as base-ten blocks, but had not reached the “general level of 
understanding required to interpret unfamiliar groupings” (p. 308). This suggests the 
importance of providing a variety of contexts and grouping examples to students and supports 
the work of Dienes (1960), who advocated the use of other bases. Dienes noted that working 
with other bases could assist students to further develop an understanding of the grouping 
ideas present in base-ten place value. Sierink and Watson (1991) supported this idea 
suggesting that smaller bases, such as four and five, were less cumbersome and readily 
allowed children to practice their grouping and re-grouping skills. Yet this mode of 
instruction became unpopular in the 1980s, as it was considered by teachers to “confuse rather 
than clarify” (I. Thompson, 2000, p. 293) students’ understanding of grouping. However, 
according to Baroody (1987), the problems teachers noted with instruction related to other 
bases were because the bases were introduced in a highly formalised manner, rather than in an 
informal problem solving context. As such, Baroody encouraged further investigation into 
this area. More recently, research has shown that investigating other bases in an informal 
manner does assist students in generalising the grouping pattern that underpins the base-ten 
system (Gagnon, 2012; Nataraj & Thomas, 2012). 
Ross (1986) explored the importance of canonical and non-canonical representations in 
relation to grouping. Ross described canonical groupings as those that followed the 
convention of no more than nine objects representing any place value position; for example, 6 
tens and 9 ones. Non-canonical groupings, she explained, involved more than nine objects 
from any one place value position; for example, 2 tens and 13 ones. Ross (1986) and later 
Chandler and Kamii (2009) noted that non-canonical representations of models required 
students to have a much deeper understanding of the grouping idea than canonical 
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representations. Chandler and Kamii (2009) explained that non-canonical representations 
necessitate that students physically ‘regroup’ 10 ones as 1 ten. Such an action requires 
students to have a simultaneous appreciation of equivalence and an understanding of ten as an 
abstract composite unit. Thus non-canonical representations are considered to significantly 
challenge students understanding of grouping. 
In summary, the literature presented above supports the idea that grouping is a critical skill 
for students to develop in relation to place value. For teachers, however, it is important to 
distinguish exactly what skills and understandings are referred to by the term grouping. In 
terms of the place value literature, the grouping idea generally refers to an understanding that 
our number system is based on groups of ten. However, this idea also underpins the skill of 
partitioning (see Section 2.3.3). Given that these terms are often used interchangeably, there 
is a need to clarify the difference between grouping and partitioning. As such, throughout this 
thesis grouping will be defined as the physical act of grouping and regrouping in tens using 
manipulatives and will be named the Make and Represent or Make/Represent component of 
place value. 
2.3.3 Partitioning 
G. Jones et al. (1994) idea of partitioning is based on the work of Resnick (1983), who 
explains that this concept can be thought of in two ways: ‘unique’ and ‘multiple’. Unique 
partitioning involves an understanding that multi-digit numbers can be presented in their 
canonical form. For example, 67 is 6 tens and 7 ones. Multiple partitionings involve an 
appreciation of non-canonical presentations. For example, 67 is also 5 tens and 17 ones. This 
idea of partitioning in terms of place value parts, is referred to by Sowder (1997), Booker et 
al. (1998) and Siemon et al. (2011) as renaming. The term renaming provides an important 
distinction for teachers and researchers, particularly in light of the references made to 
partitioning in other mathematical contexts. 
Partitioning is often used to describe single-digit part-part-whole relationships. For example, 
nine is seven plus two (Resnick, 1983). Van de Walle, Karp, and Bay-Williams (2013) 
explain that part-part-whole knowledge requires children to recognise that a number can be 
made up of two or more parts. While G. Jones et al. (1994) and Siemon, Breed et al. (2006) 
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note this type of partitioning is an important first step in coming to understand place value, 
the use of the same term to describe different partitioning acts may be confusing for teachers. 
This issue is further highlighted when one considers the multiplicative form of partitioning, 
which involves equal groups; for example 45 is 9 fives (Siemon, 2002; Siemon et al., 2011). 
For this reason, as the term renaming is only used to describe partitioning in place value 
parts, its use avoids unnecessary confusion. 
Renaming is underpinned by an understanding of the conservation of number principle and 
the recognition that place value parts are composite units. This knowledge allows children to 
recognise that 1 ten can be renamed as 10 ones without changing the value of the given 
quantity (Baturo, 2000). However, this knowledge is also required for an understanding of the 
grouping ideas discussed in Section 2.3.2. That is, children must be able to see that 10 ones 
can be ‘grouped’ into 1 ten, but they must also be able to ‘undo’ 1 thousand into 10 hundreds 
(Bednarz & Janvier, 1988). Baturo (2000) describes the action of ‘grouping’ a collection of 
smaller units into a larger unit as superunitising; for example, 50 ones is 5 tens. While she 
describes the action of ‘undoing’ a given unit into smaller units as subunitising; for example, 
5 tens is 50 ones. An understanding of subunitising and superunitising are both required in 
grouping and renaming. However, because renaming is generally applied in situations 
without the support of manipulatives, it appears to be a more abstract concept than grouping. 
Renaming relies heavily on students being able to recognise place value units as abstract 
composite units, in particular the ‘ten of these is one of those’ recursive multiplicative 
relationship between each place value column. However, as Steffe (1992) notes, this is a very 
difficult relationship for students to appreciate. Essentially renaming requires the coordination 
of multiple composite units. That is, students are not only required to understand that ‘10 
ones’ are ‘1 ten’, they also must simultaneously appreciate ‘10 tens’ are ‘1 hundred’ and ‘100 
ones’ are ‘1 hundred’. As such, renaming requires flexible multiplicative thinking, something 
that Clark and Kamii (1996) and Siemon, Izard, Breed, and Virgona (2006) have observed 
Primary school students struggle to achieve. This lack of understanding was also noted by P. 
Thompson (1982b) who observed that many students appeared to be able to rename numbers, 
but were in fact parroting rote learned rules such as ‘10 ones is 1 ten’ or ‘10 hundreds are in 1 
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thousand’. This reinforces the need for students to be challenged to rename numbers in many 
different ways (Sowder, 1997). 
Renaming appears to be a critical skill in students’ understanding of place value and 
mathematics in general. Siemon et al. (2011) explain that the skill of renaming, particularly 
larger whole numbers, is vitally important to develop students’ understanding of place value. 
Yet it is not only renaming of whole numbers that is important. Sowder (1997) suggests that 
the ability to rename whole numbers in terms of decimal parts, for example 345 is 34.5 tens, 
encourages students to make important links between decimals and whole number place 
value. By applying the idea of renaming throughout the number system, students are provided 
with more opportunities to see the bi-directional recursive relationship between place value 
parts, a concept N. Thomas (2004) notes many students find difficult to appreciate. 
Renaming also has important links to the formal algorithms for the four processes. In the 
context of algorithms, the act of renaming numbers is often referred to as ‘trading’, 
‘borrowing’ or ‘regrouping’. Once again the use of different terms to describe the same action 
may be hindering students from making important connections. This was evident in research 
by Hart (1989) who noted that many eight to twelve year-olds in her study, believed that the 
‘top number’ in a subtraction algorithm had ‘changed’ its value when it was decomposed. 
This suggests that students did not appreciate that ‘borrowing’ and ‘trading’ was actually the 
act of renaming the numbers to make them more manageable to manipulate. Booker et al. 
(1998) and Siemon et al. (2011) both note the importance of explicitly making the link for 
students between renaming and the act of ‘regrouping’ in the algorithm. This further 
reinforces the need to consistently use the term renaming to describe partitioning in place 
value parts. 
Clearly the literature supports the idea that partitioning by place value parts or renaming 
plays an important role in the development of students’ knowledge in place value. As 
mentioned in Section 2.3.2, it is considered important to introduce consistent and clear terms 
to describe each component of place value to better support teachers. Thus, considering that in 
Australia the idea of partitioning has several different meanings, to avoid confusion 
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throughout this thesis the term renaming will used to describe the act of partitioning and/or 
grouping or regrouping in place value parts without manipulatives. 
2.3.4 Number Relationships and Comparing 
G. Jones et al. (1994) describe the construct of number relationships as involving ordering 
multi-digit numbers and comparing them through determining the number more, less, and 
between. As this relates closely to the place value component Rubin and Russell (1992) 
describe as comparing, research associated with both ideas are summarised in this Section. G. 
Jones et al. (1994) suggests that comparing and ordering numbers is an important way for 
students to come to an understanding of the sequences implicit in the number naming system 
and the relative magnitude of numbers. D. Clements and Samara (2009) extend this idea by 
stating that comparing and ordering skills have important links with counting and are related 
to one’s “mental number line” (p. 45). 
While on the surface it would appear that students require an understanding of the quantity a 
number is representing to determine the larger or smaller numeral, or place numerals in 
descending or ascending order, research suggests this is not the case. Poltrock and Schwartz 
(1984) noted that the simplest form of comparison between numbers is when they are ragged, 
meaning of different lengths. Thus 46 and 5 678 can be compared quickly just by 
understanding that having a digit in the thousands place makes 5 678 automatically larger. 
Students learn that the more digits a number has the larger it is, early in their experience with 
counting numbers. Mix, Prather, Smith, and Stockton (2013) noted that children as young as 
three were able to accurately determine the larger of two ragged whole numbers. They 
observed that despite being unable to read, write or understand the quantity represented by the 
numbers, they were able to generalise an understanding that ‘XXX’ was larger than ‘XX’. 
Unfortunately, the success that students experience using this procedure with whole numbers 
often causes issues when they reach decimal place value. Steinle and Stacey (1998) describe 
how the ‘longer is larger’ misconception, poses many difficulties for students when ordering 
ragged decimals. 
Poltrock and Schwartz (1984) describe that when comparing numerals of similar lengths, 
children were observed to compare the values of digits in corresponding positions, rather than 
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considering the quantity as a whole. For example, if comparing 456 with 465, children would 
look at the hundreds digit in each numeral and note they were equal. They would then 
compare the tens digits, and note a difference. Students would then simply be required to 
recognise that six was greater than five to correctly determine the larger numeral. Success 
with this method reinforces the idea that numbers can be treated as a string of concatenated 
digits rather than representing a quantity, thus suggesting the relative simplicity of such tasks. 
Procedure-based comparison strategies were also observed in research by Bednarz and Janvier 
(1982). They noted that while Year 3 and 4 children were able to compare two three-digit 
numbers they were regularly doing so digit-by-digit rather than comparing the quantity 
represented by each numeral. This strategy parallels the letter-by-letter process often used to 
place words in alphabetical order. Just as students require no knowledge of the meaning of 
words to place them in alphabetical order, similarly they require very little knowledge of 
numbers to place them in order and/or compare them. 
Poltrock and Schwartz (1984) suggest that to avoid students using a digit-by-digit comparison 
method, they must not be able to see both numbers simultaneously. Asking questions like, 
‘Tell me a number larger than 345?’ encourages children to think more about the quantity of 
the numbers. This is supported by G. Jones et al. (1994) who note the importance of students 
being able to find the number ‘between’ two values and D. Clements and Samara (2009) who 
describe determining “how many more (or fewer) there are” (p. 45) to be more challenging 
than a simple comparison of numbers. 
Siemon et al. (2011) explain that another form of comparison is “multiplicative comparison” 
(p. 357). Multiplicative comparison involves determining a number that is a multiple of ten 
times smaller or larger than a numeral. For example, ‘what number is ten times larger than 
44?’. Multiplicative comparison requires children to recognise and apply the knowledge that 
adjacent place value columns increase by a power of ten from right to left. Once again, the 
difficulty N. Thomas (2004) noted Primary school children had understanding the recursive 
multiplicative relationship within the number system, suggests that this type of comparison 
requires a sophisticated level of place value understanding. 
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Another sophisticated application of comparing and ordering numbers is described by Van 
den Heuvel-Panhuizen (2001) as “positioning” (p. 104). This skill requires children to 
accurately place whole numbers on a number line with a fixed start and end position. Siemon 
et al. (2011) explains that number lines may be structured or unstructured; that is, they may 
have all the marks for the numbers, some or none. In both structured and unstructured number 
lines counting and comparing skills appear to be important. Students are required to count in 
units, and compare the number to be positioned with the start and end point numbers. Thus, as 
noted by Gervasoni, Parish, Hadden, Turkenburg, Bevan, Livesey & Crosswell. (2011), 
number lines provide an important indication of students understanding of a quantity. This 
claim is supported by Booth and Siegler (2008) who observed that as children became more 
familiar with numbers in a particular range their accuracy using number lines increased. 
In summary, the literature associated with this component suggests that it too appears to be an 
important part of place value knowledge. The component essentially involves ordering, 
comparing, multiplicative comparison and manipulating number lines. Henceforth this 
component will be described as compare/order, as these are the major, observable skills 
required of students. 
2.3.5 Estimating 
Rubin and Russell (1992) consider estimating is an important component of place value. This 
idea is also touched on in the framework by G. Jones et al. (1994) who describe it briefly as 
part of their grouping construct. As D. Clements and Samara (2009) state, estimation is a 
“mathematically educated guess” (p. 45). Intuitively it seems that the ability to estimate a 
quantity is closely linked to one’s understanding of the relative magnitude of numbers, 
something underpinned by place value knowledge. However, estimation encompasses so 
many different skills and applications of knowledge that the exact knowledge it requires is not 
easily defined, and may vary in different contexts. Sowder (1992a) suggests there are three 
main categories of estimation frequently used in daily life: computational, measurement and 
numerosity. However, it appears that not all three categories directly relate to place value 
knowledge. 
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Lane (1993) describes how computational estimation requires finding an approximate value 
for the result of a computation. Problems such as asking children to estimate a reasonable 
answer to ‘2 x 654’, without the use of formal procedures requires computational estimation 
skills. While this may require knowledge of place value, it also relies heavily on one’s sense 
of number. As discussed in Section 2.1.3, McIntosh et al. (1992) identified place value as an 
important component of number sense, however it appears difficult to determine the extent to 
which place value knowledge influences computation estimation and the extent to which it is 
influenced by number sense. Similarly, Sowder (1992a) explains that measurement estimation 
involves finding a measurement without a measuring tool. For example, students may be 
required to estimate the perimeter of a basketball court. As Sowder (1992a) points out, these 
estimates rely heavily on several constructs of knowledge, such as one’s knowledge of 
measurement units and thus may also relate more closely to one’s sense of number. 
The one category of estimation that does appear to be related to place value is numerosity 
estimation. Sowder (1992a) explains that numerosity estimation involves answering problems 
such as, ‘How many counters are in this cup?’. C. Kamii (1986) explored Year 1 to 5 
students’ responses to a numerosity estimation task in her place value research. She noted that 
students in later year levels made more precise estimates than their younger peers. As a result 
she suggested that children’s skill in estimation developed as they had more experience with 
numbers and quantities. C. Kamii (1986) observed that each collection of items was 
interpreted according to numerical ideas the children had already built. That is, for a 
collection of 73–78 chips, children in Year 1 never estimated the quantity to be less than 12. 
C. Kamii (1986) suggested this implied the students had developed a strong sense of 
quantities up to 11 and thus recognised that it was not reasonable to estimate the quantity with 
numbers less than 11. The work of Halberda and Feigenson (2008) in cognitive science, 
supports C. Kamii (1986) by confirming empirically that students’ competency in estimating 
quantities developed between the ages of three and six, reaching adult levels in the preteen 
years. This mirrors the work of Booth and Siegler (2006) who noted students’ number line 
estimates improved as their knowledge of quantities developed, however, neither research 
makes a direct link between place value knowledge and estimation. 
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In an attempt to make a link between estimation and mathematics achievement Booth and 
Siegler (2008) noted that Pre-school to Year 4 students’ numerical magnitude representations 
were positively correlated with their overall mathematics achievement. Thus, students who 
were better able to estimate quantities had a better understanding of mathematical concepts. 
Once again, however, this research does not link directly with place value knowledge. 
Although there is no empirical link between place value and estimation currently available in 
the research literature, estimation does appear to be related to one’s knowledge of place value 
on some level. As such, estimate will be considered a component of place value until evidence 
to the contrary is found. 
2.3.6 Notating 
The component of notating essentially refers to the skills of reading and writing numbers 
(Rubin & Russell, 1992). Reading and writing numbers is described as “social knowledge” 
(C. Kamii & Lewis, 1991, p. 8), which forms the basis of children’s ability to represent and 
work with the numeration system. As notating is at the foundation of place value, detailed 
research has been conducted into the difficulties associated with children developing this 
knowledge (e.g., Fuson, 1990a; Nunes & Bryant, 1996; R. Wright, Stanger, Stafford, & 
Martland, 2008). 
The nuances of the English language make coming to learn to read and write numbers 
difficult for children. In contrast, Asian languages such as Chinese, Japanese and Vietnamese 
have the place value structure implicit in the spoken names of their numbers. For example, in 
Japanese, ‘12’ translates as ‘1 ten 2’ and ‘50’ as ‘5 tens’. Cross-cultural studies have reported 
students who speak these Asian languages produce highly effective ten-structured thinking 
(Fuson, Smith, & Lo Cicero, 1997; Miura & Okamoto, 1989). Yet in English there is little 
connection between the many spoken number names and their quantity, for example ‘twelve’ 
or ‘fifty’. This often leads students to develop tenuous connections between the symbol, word 
and quantity of numbers. 
Several common errors associated with reading and writing numbers have been identified in 
the literature. One area of confusion is where numbers are represented by words ending with 
teen and ty (Siemon et al., 2011). Students often mispronounce or incorrectly record these 
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numbers. For example, Nunes and Bryant (1996) noted that students may read or record ‘14’ 
as ‘forty’ or ‘60’ as ‘sixteen’. Furthermore, students may be confused by the irregularities of 
the pronunciation of teen numbers. As most other two-digit numbers have the tens number 
read first, for example ‘twenty-five’, upon hearing ‘seventeen’, students may record the 
number as ‘71’. Siemon et al. (2011) refer to this ‘error’ as a valid attempt by students to deal 
with the number system in an ordered manner, however it may also be a consequence of 
hearing loss, or indistinct articulation of these words by teachers. 
Research has shown that the irregularities of the teen numbers can create uncertainty for many 
children and their location so early in the number system magnifies this problem. For this 
reason, Booker et al. (1998) advocates leaving these numbers until after the children have a 
solid grasp of the numbers from 20 to 99. This alternative instructional sequence was not 
supported in research conducted by Scales (1992). Her empirical evidence suggested the 
‘teens last’ sequence did not lead to superior understanding of the number system in the Year 
1 students she observed. Nonetheless, this research supports the assertions of Van de Walle et 
al. (2013) and Siemon et al. (2011) that teachers must be aware of the potential difficulties 
inherent in the teen decade. 
R. Wright et al. (2011) state that when young children struggle with reading and writing two-
digit numbers, teachers are often tempted to help by introducing place value concepts. 
However, they describe that consideration must be given to where students are in their 
cognitive development. For example, a student who reads numbers as concatenated single 
digits, such as ‘27’ as ‘two, seven’ may be viewing numbers in a unitary way, assigning no 
meaning to their parts (Ross, 1990). Thus, as R. Wright et al. (2011) suggest, trying to teach 
the concept of ‘tens’ and ‘ones’ to such a child may be counterproductive as they are not 
developmentally ready to internalise multi-digit place value. R. Wright et al. (2011) suggest 
that students should learn to read and write numerals by more rudimentary implicit syntactic 
rules and move to place value instruction later. This confirms the work of P. Thompson 
(1982a) who noted that children developed a set of rules which enabled them to read and 
write numerals without attaching any meaning to them. Thus it appears that while notating is 
an important skill in place value, it does not necessarily indicate knowledge of place value. 
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Research suggests that as students move onto recording three-digit numbers and beyond the 
problems with reading and recording numbers persist. Many continue to record numbers 
literally as they hear them. For example, children may record ‘40052’ when they hear ‘four 
hundred and fifty-two’. Nunes and Bryant (1996) note that this concatenation of the 
corresponding number labels suggests a student has little understanding of the positional 
property of the place value system. Similar problems with three-digit numbers were noted by 
Hiebert and Wearne (1992) who observed students omitting zeros and having difficulty 
recognising where it could be inserted without changing the value of the number. For 
example, ‘one hundred and seven’ was recorded as ‘17’. Such errors confirm the importance 
of ensuring students develop an understanding of the meaning and purpose of zero (see 
Section 2.1.2). 
Clearly, as numbers become larger it is important to support students to see how the 
regularities of the number system’s periods (Battista, 2012) (see Figure 2.1) can assist them to 
read and write numbers. To write numbers accurately students must place the correct digits in 
the correct place value columns and to read numbers they must read the names of each 
column. For example, to read ‘326’, students must recognise the ‘3’ is in the hundreds 
column, the ‘2’ in the tens column and the ‘6’ in the ones column. Essentially once students 
have the skill to read a three-digit number the iterative structure of the number system permits 
them to read very large numbers with relative ease (Battista, 2012). From left to right, 
students must read the number in each period (see Figure 2.1), followed by the name of the 
period (except for the period name ‘ones’, which is not stated). For example 234 456 709 is 
read as ‘two hundred and thirty-four million, four hundred and fifty-six thousand, seven 
hundred and nine’. While this appears a relatively simple procedure for children to internalise, 
a study undertaken by M. Brown (1981) in England indicated that it is not. Brown found that 
when asked to record in figures ‘four hundred thousand and seventy three’, no more than 57% 
of students aged 12 to 15 in each age group were able to record this number accurately. This 
research shows the difficulties students have with even the ‘simple’ skill of writing large 
numbers. 
When writing numbers it is important that students are aware that the international convention 
states that after each period a ‘space’ is to be inserted. In Australia, a comma is commonly 
LITERATURE REVIEW 
44 
used between each period, however throughout this thesis the international convention will be 
followed4. Considering the prevalence of both the space and comma in Australian classrooms, 
the importance of students being encouraged to use the correct form of notation but being 
made aware of the common alternative is integral to their success in reading and writing large 
numbers. 
In summary, it would appear that notating is an essential component of place value as it 
allows students to communicate the value of quantities. However, as mentioned above, this 
ability is not necessarily indicative of a fully developed understanding of place value. For the 
purposes of clarity, this component will be described as Name/Record throughout this thesis. 
It will include the skills of naming place value parts, reading and writing numbers. 
2.3.7 What About Calculation? 
Considering the body of research that addresses place value, there appears to be one important 
area that is not explicitly covered in the six components discussed above. This involves the 
link between calculation and place value. In the literature, calculation is often used as a 
defacto indicator of students’ understanding of place value. This is highlighted in the 
framework of G. Jones et al. (1994) who use addition and subtraction examples to indicate 
students understanding in various place value constructs. For example, in their research, 
students’ knowledge of partitioning is assessed through the following item: “I need 87 
candles for a party, I have 64. How many more do I need?” (p. 125). One suspects that in this 
instance calculation also plays an integral part in students’ understanding. 
Research into multi-digit calculation has noted the role that place value plays. This is 
particularly apparent in research by Battista (2012), whose framework focuses on the integral 
link between place value and calculation. Wearne and Hiebert (1994) and Hiebert and Wearne 
(1996) noted that poor knowledge of place value creates difficulties for students 
understanding multi-digit addition and subtraction algorithms. This was evident in Section 
2.3.3 where students were shown to be unable to appreciate the link between renaming and 
‘borrowing/ trading’. This problem exemplified the lack of conceptual understanding 
                                                 
4  It is noted in some languages the indication of the decimal point also varies from the Australian practice of 
using a full stop (.). 
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students’ show when completing algorithms. As noted by D. Clements and Samara (2009), 
conceptual knowledge “of the base-ten system influences how students understand, learn and 
use algorithms” (p. 91). It is this lack of conceptual understanding that leads many researchers 
to suggest the introduction of the algorithm to students should be carefully considered (Fuson, 
1990b; I. Thompson, 2000; Wearne, 1994). To that end, Wearne and Hiebert (1994) suggest 
that it is important to allow students to develop their own procedures for operating on multi-
digit numbers rather than imposing the standard algorithm on them. In contrast, Fuson 
(1990b) states the importance of teaching multi-digit operations alongside place value rather 
than separate to it. Both instructional styles allow students to see the relationship between the 
place value and calculation and encourage students to have a sense of the numbers they are 
working with. 
Fuson (1990b) noted that introducing algorithms to students before they came to an 
understanding of multi-digit numbers meant they did not develop “adequate multi-unit 
conceptual structures” (p. 274). For example, when solving the addition algorithm: 
 27 
 +45 
a student without an appreciation of multi-unit structures may state: ‘I add the seven and five, 
that gives me twelve, so I put down the two and carry the one. Next I add the two and the four 
and the one I carried that equals seven, so the answer is 72’. This description suggests that the 
student may not be recognising that the ‘2’ and ‘4’ actually represent ‘2 tens’ and ‘4 tens’. 
Thus they treated the numerals as a series of concatenated single digits. 
In contrast, a student who appreciated the multi-unit structure may state: ‘I added seven ones 
and five ones, that is twelve ones, which is the same as one ten and two ones. So I record the 
two ones and put the one ten in the tens column. Now I add two tens and four tens and one 
more ten which is seven tens, which is 70, so the answer is 72’. This description suggests the 
student understands the conceptual structures inherent in each quantity. 
Booker (2011) noted that students experience more difficulties with the multiplication 
algorithm than any other. This is typically related to students using rote learned procedures 
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such as “add a zero” when multiplying by ten (Ball, Lubienski, & Mewborn, 2001, p. 444). 
Such procedurally based rules do not allow students to make any links between place value 
and the algorithm. Research by I. Thompson and Bramald (2002) noted that of 144 Year 3 
and 4 students, 50% of Year 3 and 63% of Year 4 students indicated that to solve 8 x 10, you 
‘add a zero’. This reinforces the need, particularly in multiplication, to make explicit links 
between place value and calculation. 
In summary, despite not being specifically named in the place value components suggested by 
G. Jones et al. (1994), calculate played an important role in the items they used to create their 
framework. Furthermore, the substantive amount of research linking place value and 
calculation suggests that calculate is indeed an important part of the place value construct that 
is worthy of further investigation. 
2.3.8 The Seven Aspects of Place Value 
The synthesis of literature discussed in Section 2.3.1 to 2.3.7 suggests that the construct of 
place value is underpinned by several important ideas, components or aspects. Investigating 
these components in further detail will allow a more precise definition of place value. The 
components investigated above will henceforth be known as the seven aspects of place value. 
The following is a summary of the content, skills and thinking that is incorporated into each 
of the seven aspects of place value. (No developmental order is implied): 
Count: Counting forwards and backwards in place value parts (e.g., 45, 55, 65 is counting 
using the unit ten). Bridging forwards and backwards over place value segments such as 
decuples and centuples (e.g., 995 and one more ten requires bridging forwards over hundreds 
to thousands). 
Make/Represent: Using the idea of grouping and re-grouping by tens to make, represent or 
identify the value of a number using a range of materials or manipulatives. These may be 
proportional (e.g., base-ten blocks), non-proportional (e.g. coloured counters) and be 
presented as canonical (e.g., 3 tens and 9 ones is 39) or non-canonical (e.g., 2 tens and 19 
ones is 39) representations. 
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Rename: Drawing on the ideas of grouping, regrouping and partitioning, rename numbers in 
multiple ways in terms of place value parts without the use of manipulatives (e.g., 1 260 is 
equivalent to 126 tens or 12 hundreds and 6 tens or 1 thousand and 260 ones). 
Compare/Order: Compare numbers to determine which is larger or smaller using an 
understanding of the relationships between numbers. Compare numbers in a multiplicative 
manner, for example ten times larger than 54 is 540. Place numbers in descending or 
ascending order and locate numbers on empty, partially marked or complete number lines. 
Estimate: Use number sense and knowledge of the magnitude of numbers to make reasonable 
estimates of quantities (e.g., how many oranges would fill a classroom?). Apply an 
understanding of the structure of the number system when completing computational 
estimates (e.g., 67 multiplied by 95 is approx. 6 500, because 67 x 100 is 6 700). 
Name/Record: Read and write or record a number in words and symbols (e.g., 75 is written 
as ‘seventy-five’). Name the place value columns. 
Calculate: Apply knowledge and understanding of the place value system when completing 
calculations using the four operations (e.g., 45 multiplied by ten is 45 tens, 45 plus 100 is 145, 
120 divided by ten is 12, which is ten times smaller than 120) 
Finally, in order to determine if any of the frameworks presented in Table 2.1 can be considered 
to comprehensively address the seven aspects of place value, Table 2.2 below presents an audit 
of each framework. In this table the symbol ‘×’ indicates that the aspect was mentioned in some 
way. 
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Table 2.2. Common aspects of place value addressed in place value frameworks. 
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Steffe et al. (1983) ×       
Resnick (1983)   ×     
Ross (1989) × ×    ×  
Cobb & Wheatley (1988) × ×     × 
Sinclair et al. (1992)  ×    ×  
G. Jones et al. (1994) × × × × ×  × 
G. Jones et al. (1996) × × × × ×  × 
D. Clarke et al.  (2000) × ×  ×  ×  
Fuson, Wearne, et al. (1997) × × × ×  × × 
Young-Loveridge (1999a) × × × ×  × × 
Batista (2012) × × ×   × × 
Table 2.2 suggests that the ‘typical’ place value components of count, make/represent and 
name/record were focused on in most frameworks while critical aspects such as rename and 
calculate were either completely overlooked or not given as much importance as the other 
aspects. This analysis also suggests that no one framework comprehensively addresses all 
seven aspects of place value or identifies individual components of place value. This confirms 
the need for such a framework to be developed to support the teaching and learning of place 
value in the Upper Primary school. 
2.4 Developmental Progressions 
Section 2.3 identified seven key aspects of place value and determined that there is a need to 
develop a more comprehensive, research-based developmental framework for place value. As 
such, the literature review will now turn to an examination of how Developmental 
Progressions are established more broadly. 
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In 1922, E. Thorndike described his belief that instruction could be better improved if 
teachers appreciated what helped and hindered later learning. More recently Carpenter and 
Fennema (1991) noted teachers must: 
have an understanding of the general stages that students pass through in 
acquiring the concepts and procedures in the domain, the processes that are 
used to solve different problems at each stage, and the nature of the knowledge 
that underlies these processes. (p. 11) 
Research has shown that students’ development in knowledge and reasoning about many 
topics in mathematics can be categorised in terms of increasing levels of sophistication 
(Battista, 2004; Battista & Clements, 1996; D. Clements & Samara, 2009; Cobb & Wheatley, 
1988; Steffe, 1992). D. Clements and Samara (2004) describe how researchers can use 
empirical and theoretically grounded models to note the increased levels of cognitive 
sophistication required to come to understand a construct. They refer to these as descriptions 
of Developmental Progression. 
Developmental Progressions are based on the ideas of Piaget (1952), who observed children 
constructing their own concepts as their understanding developed along learning paths. Simon 
(1995) Hypothetical Learning Trajectories (HLT) are based around teachers being informed 
about these ‘learning paths’ and using them to inform their teaching. This view of learning is 
underpinned by the idea of Constructivism. Cobb (1999) explains that Constructivist theorists 
value the natural progression that students take when learning and consider this the most 
effective path for them to follow. Yet, as Fuson (2009) points out, the work of Piaget fails to 
consider the important role teachers play in supporting children’s progressions in learning. To 
that end Sociocultural theorists value the social interactions which occur in classrooms (Cobb, 
1999). They consider that learning is influenced by the discussions and exchanges between 
teachers and students. Simon’s HLT construct supports this idea by emphasising the 
importance of generating pedagogical activities to support students’ learning progression. 
Developmental Progressions are closely aligned with Vygotsky’s (1978) zone of proximal 
development (ZPD). This construct is based around the idea that development can be 
influenced by teaching based on carefully selected learning tasks. The ZPD is defined as: 
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The distance between the actual developmental level as determined by 
independent problem solving and the level of potential development as 
determined under adult guidance or in collaboration with more capable peers. 
(p. 86) 
While Vygotsky emphasises the role played by teachers in learning, Piaget’s ideas can be 
used to guide the direction and content of teaching. Thus as Fuson (2009) notes, both 
Piagetian and Vygotskian perspectives must be integrated to allow teachers to best support 
student learning. 
The work of D. Clements and Samara (2004) brings these two perspectives together to create 
the construct of learning trajectories. Clements and Samara (2004) explain that the learning 
trajectory construct is based specifically around the ideas of Developmental Progression and 
instructional sequence. They state: 
For our purposes then, we conceptualize learning trajectories as descriptions of 
children’s thinking and learning in a specific mathematical domain and a 
related, conjectured route through a set of instructional tasks designed to 
engender those mental processes or actions hypothesized to move children 
through a developmental progression of levels of thinking, created with the 
intent of supporting children’s achievement of specific goals in that 
mathematical domain. (p. 83) 
D. Clements and Samara (2009) have since used the term Hierarchic Interactionalism to 
describe the theoretical underpinnings of learning trajectories. Their theory values the 
hierarchical nature of student learning and the social interactions that play a crucial part in 
supporting this development. This theoretical underpinning is closely related to the pragmatic 
approach described in Cobb and Yackel’s (1996) emergent perspective that values both the 
Constructivist and Social-cultural perspectives of learning (further discussed in Section 3.1). 
Since learning trajectories were first developed, different designs and theoretical 
underpinnings have led researchers to interpret and apply this construct in several different 
ways (D. Clements & Samara, 2004). Some choose only to focus on the Developmental 
Progression of learning, while others include instructional tasks to support teachers. For 
Clements and Samara, like Simon (1995), the instructional tasks are at the heart of learning 
trajectories. These tasks are designed to address each level of a Developmental Progression. 
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In turn, each instructional task is tried and revised until they are considered to promote the 
learning required by students to construct the knowledge required at the next level of learning. 
Two popular forms of learning frameworks currently used in Victorian classrooms are the 
Growth Point Frameworks produced in the Early Numeracy Research Project (ENRP) 
(Department of Education and Early Childhood Development, 2011a) and the Learning and 
Assessment Framework (LAF) for multiplicative thinking produced by the Scaffolding 
Numeracy in the Middle Years (SNMY) team (Siemon, Breed, et al., 2006). Both progression 
were developed from large-scale assessment data. 
Developing learning progressions from assessments comes from the idea that students’ 
responses to test items should reveal evidence of a hierarchy of learning difficulty (Bloom, 
Hastings and Madaus, 1971, Glaser, 1981). That is, a pattern of responses should show that no 
student succeeds on items at a higher level skill when they fail on items at a lower level skill. 
This assumes that possession of a skill is a fairly stable attribute and there are no errors of 
classification in identifying the appropriate stage to which items should be assigned. Using 
this idea, the SNMY project conducted a Rasch analysis on their test data and produced a 
comprehensive empirically validated Learning Assessment Framework (LAF) for 
multiplicative thinking. From the LAF, instructional activities were then developed to support 
teachers in scaffolding children’s development through the LAF. Providing teachers with both 
the Developmental Progression (the LAF) and the learning activities, the SNMY instrument is 
seen to support D. Clements and Samara (2004) concept for learning trajectories. 
In contrast the ENRP Growth Point Framework does not provide instructional activities to 
support teachers. The Growth Point Framework was developed from a synthesis of relevant 
literature and then anecdotally validated through trials of assessment items based on each 
growth point. While D. Clarke (2001) noted that teachers in the ENRP project considered 
themselves more informed about where to start teaching and better able to scaffold their 
students’ mathematical learning from using the growth points, the inclusion of instructional 
activities would have made this a more useful tool for teachers. 
Research has suggested that the success of learning trajectories is influenced by the manner in 
which they are presented to teachers. Lesh and Yoon (2004) noted that sometimes learning 
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trajectories can be too technical, complicated and predictive for teachers. Collinson and Cook 
(2001) noted that “time is a major barrier to teacher learning and school change” (p. 279) 
suggesting that initiatives that require teachers to invest a substantial amount of time will 
most likely be avoided or resented. Yet, in a similar way, if the learning trajectories do not 
provide enough support to teachers, as seen in the ENRP growth points, they may be used 
ineffectively in classrooms. Gravemeijer (2004) stresses the importance of teachers being 
provided with “some framework of reference and a set of exemplary instructional activities 
that can be used as a source of inspiration” (p. 107). Therefore an important consideration for 
researchers is striking a balance between providing learning trajectories that allow appropriate 
support for teachers and ensuring they are practical and concise. 
Another consideration when creating and validating learning trajectories is the 
methodological approaches used to develop them. While approaches are generally rigorous 
and detailed they are often based on iterative observations of small groups of children. For 
example, Steffe (2004) study looked at two Year 5 students’ understanding of fractions. 
Despite the level of detail this approach provided on individual students, it raises questions 
about the generalisability of Steffe’s results (Baroody, Cibulskis, Meng-lung, & Xia, 2004). 
As Lesh and Yoon (2004) suggest, not every child progresses in the same way when learning. 
Some may skip learning trajectory levels (D. Clements & Samara, 2009) while others, despite 
the teacher’s best efforts, may not be psychologically ready to take the next step in a 
trajectory (Alexander, Wilson, White, Fuqua, Clark, Wilson & Kulikowich, 1989). As D. 
Clements and Samara (2004) point out, an HLT is not the path or even the best of many paths 
it is simply one of many paths. Thus teachers must modify and create HLTs to suit their own 
students so as to avoid them being used in a one size fits all approach. 
At a classroom level learning trajectories and Developmental Progressions allow teachers to 
be guided by each individual student’s level of understanding rather than be constrained by 
the requirements of a one size fits all curriculum. Currently teachers in Australia are bound by 
a national mathematics curriculum document that presents content according to year levels. 
For example all Year 4 students are required to recognise that the place value system can be 
extended to tenths and hundredths (Australian Curriculum Assessment and Reporting 
Authority, 2014). Considering the difficulties students of this age have in whole number place 
LITERATURE REVIEW 
53 
value (see Section 2.7.2), not all Year 4 students will be developmentally ready for such 
content. In the US, conversely, the work of D. Clements and Samara (2008) observed the 
substantive influences on pre-school students’ mathematics achievement in the Building 
Blocks project. This large-scale research project also noted that the quality of classroom 
teaching improved as a result of using a curriculum rooted in research-based learning 
trajectories. This highlights the importance of further investigation into the development and 
implementation of research-based curriculum, particularly in Australia. 
2.5 Assessment. 
Developmental Progressions are fundamentally informed by evaluations of student learning, 
whether through in-depth investigations of small groups of students or large-scale studies 
using techniques such as Item Response Modelling (IRM). Developmental Progressions are 
then used to guide and inform teaching. To accurately determine the level of student 
understanding within a construct, however, quality formative assessment is required. As such, 
the following Sections will investigate the purpose of assessment and the construction of 
quality formative assessments. Finally, it will address issues of test reliability, validity and 
practicality. 
2.5.1 Purpose of Assessment 
An assessment is essentially a small sample of selected tasks that are intended to allow 
inferences to be made about a student’s level of achievement. However, the strength of these 
inferences relies heavily on the quality of the tasks used (Izard, 2002b). An assessment tool 
that includes a selection of items that are too easy or too difficult will not provide teachers 
with a complete picture of each student’s knowledge. Similarly, an assessment that does not 
comprehensively cover content may cause the omitted content to be devalued by teachers 
(Webb, 2007). In both cases the inaccurate inferences gathered from such assessments can 
influence the quality of instruction. 
There are several types of assessment including summative and formative, both of which have 
distinct implications for teaching and learning. Summative assessments measure students’ 
achievement at a particular point in time. As Wiliam, Lee, Harrison, and Black (2004) and 
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Izard (2004) suggest, summative assessments are commonly an assessment of learning, while 
formative assessments are an assessment for learning. That is, formative assessments allow 
students’ progress to be monitored and provide teachers information that can be used to 
support future learning.  
Black and Wiliam (2004) explain that the purpose of formative assessment is to promote 
learning. In a classroom, formative assessment may take the form of information gathered 
through an ongoing and informal process of observation or questioning, or it may make use of 
evidence gathered in a formalised assessment or test. Black and Wiliam (2004) make the point 
that no matter which assessment activity is used, for it to function formatively, the evidence 
gathered must be used to adjust teaching and learning accordingly. Using this idea, it is the 
intention of this thesis to produce a quality assessment that, with the support of a 
Developmental Progression, will play a critical role in encouraging teachers to formatively 
adapt their teaching to meet the needs of their students.  
Yet, as Izard (2004) explains, in order to gain an accurate measure of the effectiveness of 
using an assessment formatively, students must complete two different assessments that are 
comparable in content and difficulty. Without technical expertise and the assistance of IRM it 
is difficult for teachers to create tests comparable in difficulty in content or to determine if 
existing tests are as such. Furthermore, with few assessments providing parallel test papers, 
measuring learning resulting from formative assessment is often impracticable for schools. In 
an attempt to remedy this, schools may use the same assessment for pre and post testing. Izard 
(2002a) points out that in such cases it is likely that student achievement will be influenced by 
familiarity with the test material. Thus the importance of providing parallel tests forms in this 
project is critical to facilitate the accurate measurement of student improvement and learning. 
One way of reporting evidence of learning or improvement in student achievement is in terms 
of Effect Size (ES) measures (J. Cohen, 1969). As J. Cohen (1969) explains, these measures 
report the difference between means in standard deviation units obtained by taking the square 
root of the pooled variance. The ES measure essentially reports how much overlap there is 
between the pre and post test results (J. Cohen, 1977). J. Cohen (1969), McGraw and Wong 
(1992), Izard (2004) and Hattie (2012) have all used examples of common language to 
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describe the magnitude of Effect Sizes. Table 2.3 presents Cohen’s descriptors and examples 
for various magnitudes, and Izard’s amplification with assigned ranges for Effect Sizes.5 
Table 2.3. Effect Size ranges and descriptors 
Effect Size 
Magnitude Cohen’s Descriptor and Cohen’s Examples 
Assigned 
Range 
<0.2 Very Small 0.000 to 0.14 
0.2 Small: 
Difference between the heights of 15-year-old and 16-year-old females in 
the USA 
0.15 to 0.44 
0.5 Medium: 
Difference between the heights of 14-year-old and 18-year-old females 
0.45 to 0.74 
0.8 Large: 
Difference between heights of 13-year-old and 18-year-old females 
0.75 or more 
 
Much of the current research in the area of assessment notes the positive impact that 
classroom-based formative assessment can have on student learning. While Hattie (2012) 
noted that teachers can typically be expected to have an average Effect Size influence on 
students’ achievement of 0.2 to 0.4 per year, research by Black and Wiliam (1998) noted 
Effect Size differences of between 0.4 and 0.7 when formative assessment was used to guide 
instruction. Research by Natriello (1987) and Crooks (1988) has supported these findings, 
with Izard, Jeffery, Silis, and Yates (1999) and Izard (1998) noting similar gains in Australian 
classrooms, thus suggesting the important role formative assessment can play in classrooms. 
Despite this, Black and Wiliam (1998) and Izard (1998) have observed that the 
implementation of formative assessment in schools has been limited, possibly due to the 
difficulty of developing parallel tests, as suggested earlier. 
2.5.2 Construction of a quality formative assessment 
Item response modelling (IRM) is a proven approach which measures the relationship 
between student achievement and item difficulty on the same scale (B. Wright & Stone, 
                                                 
5  These descriptions of effect size will be used throughout the thesis to describe the effects of learning 
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1979). The IRM approach to test design has well-established methods for analysis (B. Wright 
& Masters, 1982; B. Wright & Stone, 1979). IRM has been successfully applied to a variety 
of test modes and is used in both large scale and classroom-based assessments throughout the 
world (Izard, 1992). The Program for International School Assessment (PISA) and the Trends 
in International Mathematics and Science Study (TIMMS) have both used IRM, and the 
Australian national educational tests, NAPLAN, are also based on this technique. Similarly, 
several classroom-based assessment tools have used this approach (e.g., Australian Council 
for Educational Research, 2012; Doig, 2000; Siemon, Breed, et al., 2006; J. Watson, Kelly, & 
Izard, 2008; Wu & Adams, 2006). Many of these assessments have used a popular IRM 
model devised by Rasch (1960). 
The Rasch (1960) model is based around the interplay of candidates and items in an 
assessment. While analysis of assessments traditionally generates a score that summarises the 
number of items correctly answered by students, Rasch considers the students who correctly 
answered each item (Izard, 2004). It examines the extent to which the item distinguishes 
between those who are more and less knowledgeable (Izard, Haines, Crouch, Houston, & 
Neill, 2003). That is, the model assumes that less knowledgeable students have lower 
probability of answering a difficult item compared with those who are more knowledgeable 
(Rasch, 1960). Items that are considered not to follow this pattern do not fit the Rasch model 
and are generally removed from the test (see Section 3.7). This process verifies that the test 
content is meaningful and appropriate so that useful inferences can be made about the 
knowledge of candidates (Izard et al., 2003). 
Rasch analysis also provides test designers with further important information that is critical 
for the design of formative assessments. Rasch allows different tests to be located on the same 
scale (B. Wright & Masters, 1982) and thus test designers can determine if two tests are of 
comparable difficulty. In terms of the formative assessment model, this information allows 
teachers to be provided with pre and post versions of a test that can be administered to 
measure learning accurately. 
Formative assessment can identify the tasks that students can attempt successfully, the skills 
and knowledge that are currently being established and those that are not yet within reach. 
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However, quality instruction is also crucial. As mentioned in Section 2.4 it is important that 
teachers have an understanding of the Developmental Progression students make in a 
construct to guide their instruction accordingly. The capacity of Rasch to order assessment 
items from least to most difficult is an empirically grounded method for determining this 
progression (see Callingham, 2004; Griffin, 2010; Izard, Farish, Wilson, Ward, & Vander 
Werf, 1982; Izard & White, 1982; Siemon, Breed, et al., 2006; J. Watson et al., 2006). Rasch-
based developmental frameworks include descriptive ‘levels’ that “reflect the nature of a 
cohesive set of observable behaviours” (Griffin, 2010, p. 384) and enable inferences about 
progression to be made. This allows teachers to identify a student’s level of development from 
their assessment data and make decisions about how to best support each student to progress. 
Masters and Forster (1996) describe this as developmental assessment. Yet, as suggested by 
Doig and Hunting (1995), simply having access to the assessment tool and Developmental 
Progression is not enough. Teachers must know how to interpret the data and use it to inform 
their teaching. This idea was supported by Griffin (2010) who showed that, in the field of 
literacy, professional discussions supported teachers to become skilled at evidence-based 
decision making associated with test data. 
As noted with learning trajectories (see Section 2.4), there are several caveats that need to be 
considered when using IRM to describe developmental progression. Grouping items with 
similar difficulty into ‘levels’ (Callingham, 2004; Griffin, 1990; Izard & White, 1982; 
Siemon, Izard, et al., 2006) is an effective way to summarise student progress for teachers. 
However, Ebel (1969) notes that the use of broad categories decreases the accuracy with 
which student achievement can be determined. Thus finding a balance between accuracy and 
practicality is an important consideration when using IRM based data. Furthermore, just as 
the small scale qualitative approach used to create learning trajectories has been questioned 
(Lesh & Yoon, 2004), so too should a strictly empirical approach using IRM, as noted earlier 
in Section 2.4. A pragmatic approach to research is necessary—an approach that values the 
insights gathered from both qualitative and quantitative investigations into student 
progression. 
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2.5.3 Validity and Reliability of Assessments 
A quality test should be both valid and reliable. R. Thorndike and Thorndike-Christ (1997) 
explain that the reliability of a test refers to the accuracy of its measurement. In most contexts 
measures can be repeated to increase their reliability, but in an educational context repetition 
is generally impractical. As such, educational assessments are considered to be reliable if the 
same approximate results are obtained each time the test is administered to the intended 
population (Izard, 1977). Practical factors can influence the reliability of a test (Izard, 1977; 
Miller, Linn, & Gronlund, 2009; Nitko, 2001). For example, Klein (2001) notes that students’ 
attention levels can change throughout the day: If a test is administered in the morning in one 
class and in the afternoon in another, the results obtained may be less reliable. Nitko (2001) 
notes other factors can influence reliability, including the length of a test, item construction, 
scoring, test difficulty and the sample population. As such, each factor needs to be carefully 
considered so as to increase the reliability of a test’s measurement. 
In order to measure the reliability of a test an estimate of its internal consistency is used. R. 
Thorndike and Thorndike-Christ (1997) explain that internal consistency refers to the “degree 
to which all of the items measure a common characteristic of the person and are free from 
measurement error” (p. 128). The internal consistency of a test is traditionally measured using 
KR20 and Cronbach Alpha. However, Smith and Smith (2004) noted that the Rasch model’s 
calculation of internal consistency is preferable to these traditional measures as each person’s 
achievement and item difficulty is presented on a linear scale, allowing precise calculations of 
means and variances. Further, it enables estimation of the magnitude of change due to a 
teaching intervention (Izard et al., 2003). 
Even if a test may be considered reliable it may not necessarily be seen to provide valid 
information for teachers. Messick (1995) states that validity is not a property of the test itself. 
Kane (2006) supports this and describes validity as a “property of the interpretation and uses 
of test scores” (p.150). The shift in focus towards the data gathered from the test has been 
proven an important transition in the understanding of validity. 
Traditionally, validity was described using three aspects: criterion, content and construct 
validity (Cronbach, 1971). However, Messick (1990) and later Kane (2006) argued that that 
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these aspects provided a limited view of validity. Messick (1995) identified six aspects of 
construct validity (content validity, substantive validity, structural validity, generalisability, 
external validity and consequential validity). Smith and Smith (2004) noted that the 
underpinning assumptions of the Rasch model allow each of Messick’s aspects to be 
addressed. As such, the Rasch model provides useful empirical evidence to assess both the 
reliability and validity of a test. 
According to Messick (1995) there are two major threats to validity, these include construct 
under-representation and construct-irrelevant variance. Construct under-representation 
occurs when the content covered in a test is too narrow and fails to include all the important 
aspects or areas of a construct. Construct-irrelevant variance means that the difficulty of an 
item or test is influenced by the unintentional inclusion of cues or information that influences 
a student’s performance. This distorts any inference that can be made from the results. As R. 
Thorndike and Thorndike-Christ (1997) explain, these cues may either make an item or test 
easier or more difficult for students, thus influencing the validity of the results obtained. Yet 
on a broader level Campbell and Stanley (1963) note there are several examples of variables 
which can influence the internal and external validity of a test trials. For example, variables 
such as ‘testing’—that is, completing a second sitting of the same test—may influence 
inferences about student results. As such, test developers must ensure these threats are 
minimised to ensure the validity of the test results. 
Clearly, tests must be both valid and reliable to ensure the instrument provides accurate and 
useful information about student knowledge. 
2.5.4 Practicality of Assessments 
One of the most important considerations when developing assessments is practicality 
(Masters & Forster, 1996). If an assessment instrument does not justify the time or money 
required for its administration and scoring, it will not be used. Ketterlin-Geller (2009) noted 
that some educators avoided using interview-based assessments simply because of their 
administration time. Doig (2011) noted similar problems with interviews stating that by the 
time a whole class is assessed some student data may be obsolete. Further, as teacher bias and 
variation in administration can lead interview-based assessments to be less reliable 
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(Callingham, 2003), it appears paper-and-pen tests are a practical and reliable assessment 
option. Yet, proponents of interview-based assessments question disagree, stating paper-and-
pen assessments place a considerable reading-load on students. 
Research has shown that students’ inability to read items on a paper-and-pen assessment can 
interfere with their engagement and achievement, suggesting the text is a source of construct-
irrelevant variance (Bielinski, Thurlow, Ysseldyke, Freidebach, & Freidebach, 2001). While 
this variance appears to be most relevant with younger children and students with reading 
difficulties, it has led to the inclusion of ‘read aloud’ accommodations in some assessments 
(Bielinski et al., 2001). These accommodations are particularly relevant in mathematics, 
where reading is not the central construct being assessed. 
Further supporting interview-based assessment, several studies have found that interviews 
provided higher quality assessment information and enhanced teacher knowledge of 
mathematics compared to paper-and-pen assessments (Caygill & Eley, 2001; M. Clements & 
Ellerton, 1995; C. Kamii & Lewis, 1991). The place value research conducted by C. Kamii 
and Lewis (1991) assessed the knowledge of 87 Year 2 students. They observed dramatic 
differences between when the students were interviewed and when they completed a paper-
and-pen place value test. Many of the students who performed well on traditional paper-and-
pen place value items struggled to answer higher order thinking interview items. As different 
items were used in the two formats, one would question whether the differences observed 
were related to the content of the questions rather than the format of the assessment. 
Nonetheless, the research suggests that interviews may provide teachers, particularly those 
teaching in Junior Primary school, the opportunity to probe students’ knowledge more 
comprehensively than paper-and-pen assessments (Caygill & Eley, 2001). 
The literature presented above suggests there are advantages and disadvantages for both paper-
and-pen and interview-based assessment. As such, there will always be disagreements over the 
most effective mode of assessment. Therefore, as asserted by Callingham (2003), a pragmatic 
decision based upon the test purpose, test construct and test population is necessary. 
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2.5.5 Computer-Based Assessment 
As discussed in Section 2.5.4, mathematics assessments have traditionally been delivered via 
paper-and-pen or interview (Griffin, McGaw, & Care, 2012). However, as we move further 
into the 21st century, computer-based assessment (CBA) provides exciting opportunities for 
the advancement of the mathematics evaluative process. This, coupled with the recognition 
that “doing mathematics with the assistance of a computer is now part of mathematical 
literacy’” (Stacey, 2012, p. 11), has led many, including those responsible for large scale tests 
like PISA and NAPLAN, to investigate the potential of CBA (Tout & Spithill, 2012). 
CBA can facilitate the design of assessments that better address existing constructs (Csapo, 
Ainley, Bennett, Latour, & Law, 2012), address totally new constructs (Stacey & Wiliam, 
2013) and deliver traditional assessment in a more efficient and effective manner (Bridgeman, 
2009). One of the biggest advantages claimed for CBA is the instant and precise feedback it 
may provide to teachers. CBA has the potential to save teachers marking test papers, and also 
means that the results data provided are current and may be used immediately to guide 
instruction (Csapo et al., 2012). For schools in the future, CBA has the prospect of becoming 
the most convenient mode of assessment. However, as N. Thompson and Weiss (2009) 
explain, many school’s technological capabilities are not at the standard required to 
successfully implement CBA, often leading to test administration problems. These issues can 
result in teachers feeling anxious and fearful of this mode (A. Jones & Truran, 2011). Thus, 
while CBA has great potential in schools, further developmental work is required to ensure its 
success. 
Much of the research associated with CBA has addressed the comparison of a traditional pen-
and-paper based test with its CBA equivalent (e.g., Bennett, Braswell, Oranhe, Sandene, 
Kaplan & Yan., 2008; Poggio, Glasnapp, Yang, & Poggio, 2004; N. Thompson & Weiss, 
2009; Wang, Jiao, Young, Brooks, & Olson, 2007). Wang et al. (2007) conducted a meta-
analysis of 44 mathematics-based assessments which compared paper-and-pen and CBA 
versions of the same test. Only research that provided mean and standard deviation data were 
included in the study to ensure Effect Size measures could be calculated and compared. 
Overall, they reported that the mode of administration did not have a substantive effect on the 
students’ performance (ES = -0.059). These results supported the work of Poggio et al. (2004) 
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who reported that “there existed no meaningful statistical differences” (p. 30) between the two 
modes in their research (ES = 0.015). This study also considered the effect of gender, 
socioeconomic status and academic placement (gifted, general or special education) and 
detected no substantive Effect Size differences between test modes within each category. 
While observing no overall mode differences, several studies have noted differences at an 
item level. Poggio et al. (2005) noted that some pen-and-paper items were more difficult or 
easier than their equivalent item in the CBA mode. Item level functioning differences were 
also explored by Bennett et al. (2008), whose study used two randomly parallel groups of 
students and found that the difficulty of the computer items were generally greater by an 
average of 0.22 logits. Although unable to determine the exact reasons for this, Bennett et al. 
(2008) noted that many of the items that were more difficult on the computer were 
‘constructed response’ as opposed to ‘multiple choice’ items. Bennett et al. (2008) suggested 
that students’ responses to these items may be influenced by their computer skills. This is 
supported by Csapo, et al (2012) who noted that the level of proficiency and the general 
familiarity students have with computers can affect their level of interest and approach to 
CBA. Csapo et al. (2012) suggest the use of item formats such as ‘drop and drag’, ‘radio 
buttons’ and the possibility of using “dynamic stimuli” (Csapo et al., 2012, p. 149) like audio, 
video or animation may influence student performance on CBA items. Huff and Sireci (2001) 
suggest these features have the potential to cause construct-irrelevant variance by changing 
the construct that is intended to be assessed (assuming coping with this stimulus is not the 
intended outcome of the assessment). This phenomenon was noted in the Program for 
International Student Assessment (PISA) 2006 computer-based assessment of science 
(CBAS) trial, where differences in item scores were not a result of the mode of delivery but of 
a feature that was associated with the delivery mode (Csapo et al., 2012). As such, construct-
irrelevant variance poses significant challenges for CBA test developers. 
2.6 Assessment of Place Value 
In light of the above discussions relating broadly to assessment, the review of literature now 
turns to investigate the specific issues associated with the assessment of place value. An audit 
of current tools addressing place value is conducted as well as an in depth look at the Early 
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Numeracy Interview (ENI). Finally, the need for place value assessment items to address 
common student misconceptions is explored in relation to examples presented in the TIMSS 
assessment of nine-year-old students. 
The absence of a shared definition in place value appears to influence the way the construct is 
described in curriculum documents. Table 2.4 presents the descriptions of place value skills 
and knowledge found in the Year 3 to 6 Victorian Essential Learning Standards (VELS) 
Standards (Victorian Curriculum and Assessment Authority, 2009). Alongside this is the 
researcher’s judgment of the place value aspect which best describes each statement. 
Table 2.4. VELS place value descriptors Year 3 to 6 
Year 
Level Extracts of VELS Standards 
Aspect of place 
value 
3 and 4 Students use place value to determine the size and order of whole numbers to 
tens of thousands 
Compare/Order 
They round numbers up and down to the nearest unit, ten, hundred, or thousand.  Name/Record 
They skip count forwards and backwards, from various starting points using 
multiples of ten and 100. 
Count 
They estimate the results of computations and recognise whether these are likely 
to be over-estimates or under-estimates. They compute with numbers up to 30 
using all four operations.  
Calculate 
Estimate 
They devise and use written methods for whole number problems of addition 
and subtraction involving numbers up to 999 
Calculate 
Division by a single-digit divisor (based on inverse relations in multiplication 
tables). 
Calculate 
5 and 6 Students comprehend the size and order of large numbers (to millions). Compare/Order 
They place integers on a number line. Compare/Order 
They explain and use mental and written algorithms for the addition, subtraction, 
multiplication and division of natural numbers (positive whole numbers). 
Calculate 
The table above shows that the VELS standards do not mention the rename and make/represent 
aspects of place value and heavily focus on the calculate and compare/order aspects. While the 
recently developed Australian Curriculum: Mathematics document (ACM) (Australian 
Curriculum Assessment and Reporting Authority, 2014) appears to address the shortcomings of 
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VELS by listing place value skills as recognising, modelling, representing, ordering, partitioning, 
rearranging and regrouping, it fails to provide precise definitions or examples of each term. This 
supports the observations made in Section 2.3 that the meaning of terms used to describe place 
value skills can be unclear. Considering that assessment is often based on curriculum outcomes, the 
lack of clarity associated with the place value references in both VELS and the Australian 
Curriculum may leave teachers and assessment developers confused about the knowledge required 
to be assessed in place value and as such influence the quality of assessments in this construct. 
With this in mind, an investigation of the quality and depth of several place value assessments 
was conducted. Each tool was analysed to determine the aspects of place value that were 
addressed, according to those identified in Section 2.3.8. Table 2.5 presents 13 assessment 
tools from around Australia that address whole number place value in some capacity and are 
considered appropriate for Year 3 to 6 students. 
Table 2.5. Place Value Assessment tool audit 
Assessment Tool 
Number of Place 
value items in 
total test 
Magnitude 
of numbers 
Place Value 
Aspects 
addressed 
Test 
population 
Format of 
test 
SINE screening test 
Year 3/4A (Catholic 
Education Office 
Melbourne, 2010) 
24 from 48 2–4 digit Count 
Compare/Order 
Name/Record 
Calculate 
Year 3 Paper-and-pen 
SINE Screening Year 
3/4B (Catholic 
Education Office 
Melbourne, 2010) 
29 from 54 2–4 digit Count 
Compare/Order 
Name/Record 
Year 4 Paper-and-pen 
SINE screening test 
Year 5/6 (Catholic 
Education Office 
Melbourne, 2010) 
27 from 50 3–5 digit Count 
Compare/Order 
Name/Record 
Calculate 
Year 5/6 Paper-and-pen 
NAPLAN: Year 3 
(ACARA, 2009) 
1 from 35 3 digit Name/Record Year 3 Paper-and-pen 
NAPLAN: Year 5 
(ACARA, 2009) 
1 from 40 3-4 digit Compare/Order Year 5 Paper-and-pen 
Progressive 1 from 37 6 digits Count Year 3 Paper-and-pen 
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Assessment Tool 
Number of Place 
value items in 
total test 
Magnitude 
of numbers 
Place Value 
Aspects 
addressed 
Test 
population 
Format of 
test 
Achievement Test 
(PAT-Maths-3) 
(Australian Council 
for Educational 
Research, 2012) 
  
PAT-Maths 4 
1B (Australian 
Council for 
Educational 
Research, 2012) 
3 from 38 
 
7 digit Name/Record 
Compare/Order 
Year 4 Paper-and-pen 
PAT-Maths-5 
(Australian Council 
for Educational 
Research, 2012) 
1 from 39 7 digits Name/Record Year 5 Paper-and-pen 
Count Me In Too 
(CMIT) Schedule for 
Early Number 
Assessment 1 (State 
of NSW, Department 
of Education and 
Training, 2008) 
40 from 56 1-3 digits Name/Record 
Count 
 
Foundation and 
Year 1 
Interview 
CMIT Schedule for 
Early Number 
Assessment 2 (State 
of NSW, DET, 2008) 
18 from 29 1-4 digits Name/Record 
Count 
Make/Represent 
Calculate 
 
Year 2/3 Interview 
ENI: Place value 
Section 
(DEECD, 2011b) 
25 from 25 1–6 digits Name/Record 
Compare/Order 
Count 
Make/Represent 
Calculate 
Prep to Year 6 Interview 
C-DAT 3A (Baturo & 
Cooper, 2008) 
51 from 51 2–3 digit Count 
Calculate 
Rename 
Compare/Order 
Name/Record 
Year 3/4 Interview or 
paper-and-pen 
C-DAT 5A (Baturo & 
Cooper, 2008) 
57 from 57 5–8 digit Count 
Calculate 
Rename 
Compare/Order 
Name/Record 
Year 5/6 Interview or 
paper-and-pen 
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Assessment Tool 
Number of Place 
value items in 
total test 
Magnitude 
of numbers 
Place Value 
Aspects 
addressed 
Test 
population 
Format of 
test 
Assessment for 
Common 
Misunderstandings- 
Place Value 
Tool 2.4 (Department 
of Education and 
Early Childhood 
Development, 2010) 
2 tasks 2–4 digit Count 
Rename 
Name/Record 
Make/Represent 
Calculate 
Compare/Order 
Year 1 to 3 Interview 
Booker- Numeration 
Section (Booker, 
1994) 
94 from 94 1–7 digit Count 
Compare/Order 
Rename 
Name/Record 
Make/Represent 
Calculate 
7- to 16-year-
olds 
Interview 
 
Looking at the table above, it appears that interview based assessments address a wider range 
of place value aspects compared to the paper-and-pen assessments. The most comprehensive 
assessment tool is considered to be the Booker: Profiles in Mathematics: Numeracy 
instrument. This was the only assessment that addressed all seven aspects of place value in a 
detailed manner. However, with the assessment estimated to take approximately 45 minutes 
per person to administer (Booker, 1994), the time and money it requires to implement would 
no doubt be of concern for schools and teachers. As such, it appears that there is a clear 
absence of a comprehensive, easy-to-administer, user-friendly, paper-and-pen place value 
assessment tool for Year 3 to 6 students. 
The absence of quality place value assessments was also noted to be a problem in New 
Zealand by Major (2011). She observed that apart from commonly used generalist number 
tests, there were no paper-and-pen assessments to specifically address whole number place 
value. Similarly, while the general mathematics and number assessments shown in Table 2.5, 
(SINE screening tests, NAPLAN and the Progressive Achievement Test-Mathematics) 
addressed place value, they focused on a limited range of place value content. Apart from the 
C-DAT test, which is used in the state of Queensland, no paper-and-pen assessments 
addressed the rename aspect of place value as it is defined in this thesis. Considering that the 
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rename aspect is not mentioned in the VELS curriculum, one questions if this has influenced 
the omission of such content in Victorian place value assessments. 
Section 2.6.1 will now look in detail at the Early Numeracy Interview (ENI) (DEECD, 2011b) 
which is one of the most widely used assessments for place value in Victorian schools and 
was seen the impetus for this research project (see Chapter One). 
2.6.1 The Early Numeracy Interview (ENI) 
The ENI is one of four assessments recommended for teachers on the Victorian Department 
of Education and Early Childhood Development website (Department of Education and Early 
Childhood Development, 2013) and is described as an assessment that “provides teachers 
with powerful information to use when planning to meet student learning needs” (Department 
of Education and Early Childhood Development, 2013). A review by Forster (2009) of 13 
numeracy assessment diagnostic tools, supported this claim stating that the ENI was 
“particularly strong on all criteria related to diagnostic power” (p. 44). Clearly, the ENI is an 
assessment which is highly regarded and, consequently, widely used throughout Victorian 
Primary schools. Yet there is both anecdotal (see Chapter One) and empirical evidence (J. 
Izard, 2010, personal communication, September 28, 2010) to suggest that the place value 
Section of the interview may be providing limited information to teachers. 
The ENI was developed as part of the Early Years Numeracy Research Project (ENRP) in 
Australia (D. Clarke et al., 2002) and was originally designed for Prep to Year 3 (five- to 
eight-year-old) students (Gervasoni et al., 2011). However, data showed that very few 
students in these year levels were able to reach the ceiling of the test (Gervasoni, Hadden, & 
Turkenburg, 2007). Thus the ENI was then considered suitable to be used with Year 4 to 6 
students. The ENI is administered by classroom teachers and takes up to 40 minutes per 
student. As a result, schools needed to make a considerable financial commitment to provide 
teachers with the time to administer the assessment. 
The ENI comprises four Sections, each addressing the domains of number: counting, place 
value, addition and subtraction, multiplication and division (Gervasoni et al., 2007). The 
Sections can be administered in succession or individually. The ENRP has four related 
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Growth Point Frameworks, one for each domain of number, which link directly to the ENI 
items and allow teachers to target their instruction to each child’s point of need. The Growth 
Point Framework describes the key stages children move through in coming to understand 
different the four domains in number (D. Clarke et al., 2002). This review will only consider 
the place value Section of the ENI (see Appendix D) and the place value Growth Point 
Framework (see Chapter 1: Table 1.1) 
The place value Section of the ENI takes around 15–25 minutes to administer (Gervasoni et 
al., 2011) and usually has 23 items. Students attempt the place value items in turn until they 
make an error and each item corresponds to a particular Growth Point, suggesting a hierarchy 
of difficulty in the ENI items. 
In 2011, nearly a decade after the ENI was introduced to schools, Gervasoni et al. (2011) 
acknowledged weaknesses in their assessment. They noted that the items at Growth Point 
Two and Three “did not actually require conceptual knowledge to interpret quantities” (p. 
320). Thus the items at these Growth Points only assessed students’ skills in reading, writing 
and ordering numbers. Considering that the literature discussed in Section 2.3 noted that 
students can often read, write and order numbers before understanding a quantity, such an 
omission questions the validity of the ENI for the purposes of assessing children’s 
understanding of place value. 
In order to address this failing, Gervasoni et al. (2011) developed five new items. Three items 
involved students identifying ‘ten more’ and ‘ten less’ than various two- and three-digit 
numbers, and two items that required students to identify the number represented by a mark 
on an empty ‘0 to 100’ and ‘0 to 200’ number line. Gervasoni et al. (2011) noted that these 
items were included to provide information on students’ skill in interpreting place value. 
In the trial of the new interpreting items it was noted that 33% of Year 2 and 25% of Year 3 
and 4 students at Growth Point Two (GP2) were unable to solve the new tasks. Thus, despite 
being assessed at GP2 in the original ENI, trial of the new items revealed that over one 
quarter of students could not, in fact, interpret at GP2. Gervasoni et al. (2011) noted: 
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the fact the ENI has not included tasks that identify students who do not fully 
interpret two-digit and three-digit quantities has given teachers an inflated 
impression of some Place Value GP2 and GP3 students’ understandings. (p. 
322). 
However, according to the literature presented in Section 2.3, understanding place value 
involves many more skills than those assessed in the five newly created ENI items. As such, 
this leads one to question the validity of these ‘new’ items to truly identify students who can 
“fully interpret two-digit and three-digit quantities” (p. 322). One suspects that if, for 
example, two-digit rename items were included in the ENI, a more accurate indication of the 
students who can ‘fully interpret place value’ at GP2 may have been gathered. Considering 
the widespread use of the ENI in Victoria between 2002 and 2011, the issues associated with 
the test’s limited content raises concerns about the quality of the place value information it 
has provided to teachers. 
Webb (2007) suggests that an important characteristic of a quality assessment is providing 
sufficient items to ensure reliable inferences can be made about students’ proficiency in the 
content area. In order to investigate the ENI in further detail the number of items at each 
Growth Point is summarised (see Table 2.6). 
Table 2.6. Number of items addressing each Growth Point in the ENI place value Section 
Growth Point Descriptor Number of items 
One Read, write, interpret and order one-digit numbers 4 
Two Read, write, interpret and order two-digit numbers 5 
Three Read, write, interpret and order three-digit numbers 4 
Four Read, write, order and interpret numbers beyond 1000 4 
Five Extending and applying place value knowledge 8 
 
According to Webb (2007), the minimum number of items that can produce a reasonably 
reliable estimation of students’ knowledge in a content area is six. This suggests that the 
number of items addressing each Growth Point in the ENI is insufficient. In addition, the fact 
that each Growth Point is designed to be indicative of students’ skill in reading, writing, 
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ordering and interpreting place value means that on average only one item is used to assess 
each of the ‘sub-skills’ within each Growth Point. As such, a student’s ability to ‘order’ 
numbers at Growth Point four is summarised by their responses to one item. 
Another important characteristic of a quality assessment is ensuring appropriate content is 
included (Webb, 2007). As such, the seven aspects of place value identified in Section 2.3.8 
were used to classify the place value content each ENI items addressed. Table 2.7 presents 
these data. 
Table 2.7. ENI content analysis 
 Count Compare/Order Represent Name/Record Rename Estimate Calculate Total 
GP 1 0 1 1 2 0 0 0 4 
GP 2 1 1 1 2 0 0 0 5 
GP 3 1 1 0 2 0 0 0 4 
GP 4 2 1 0 1 0 0 0 4 
GP 5 0 5 0 3 0 0 0 8 
Total 4 9 2 10 0 0 0 25 
 
The above table illustrates that not only does the ENI fail to provide enough items to address 
each Growth Point, it also addresses a limited range of place value content. The ENI items 
can be seen to only cover four aspects of place value, with a heavy focus on name/record and 
compare/order items. These are examples of the items Gervasoni et al. (2011) observed 
students could correctly answer without the conceptual knowledge required to interpret 
quantities. Considering that items of this type make up 76% of the ENI, similar concerns to 
those acknowledged by Gervasoni et al. (2011) at GP2 and GP3, remain for GP4 and GP5 
items. 
Table 2.7 also illustrates that the ENI does not include any items that address the rename 
aspect of place value. As shown in Section 2.3.3 this is a critical aspect of place value 
knowledge. The absence of rename items leaves teachers with no information about their 
students’ knowledge in this area. Furthermore, considering that D. Clarke (2001) observed 
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that teachers were often guided by the content of the ENI, the omission of rename items is 
even more concerning. For example, D. Clarke (2001) states: 
The growth points and the interview therefore form a kind of package when 
considering the data, because questions such as “what do you mean by this 
particular growth point?” are often answered in part by a description of the 
related interview tasks. (p. 18) 
The prospect that teachers could be led to believe that this aspect is not included because it is 
not an important part of place value instruction has serious implications for the quality 
teaching of place value in schools using the ENI and Growth Point Framework. 
For an assessment to be effective it needs to provide a range of item difficulties to ensure the 
test is equitable for all students (Izard, 2006). In the ENI it can be seen that there are four 
items to test student achievement at each Growth Point from one to four, while at GP5 there 
are eight items. Yet when one looks closely at the content addressed by these items it can be 
seen that there is not a satisfactory spread of items at each Growth Point. For example at GP1 
students are required to complete compare/order, make/represent and name/record items, 
while at GP5 all items are covered by just two aspects: compare/order and name/record. 
While the administration of the test requires students to complete all the preceding Growth 
Point items before reaching GP5, the test still provides limited information to teachers. For 
example, GP5 students are only required to complete a make/represent item at a GP2. Thus, 
there is no indication that they may be able to complete more difficult make/represent items 
because they are not present in the assessment. As such, it appears that the ENI content may 
not provide teachers with a comprehensive picture of children’s place value knowledge. 
The ENI test is designed according to the Growth Point Framework, that is one-digit items are 
presented first, followed by two-digit items and so on. The administration instructions of the 
ENI stipulate the test must stop when the child incorrectly answers an item (Department of 
Education and Early Childhood Development, 2011b). This test design implies that items 
involving larger numbers are more difficult. Yet as research by Fuson, Wearne, et al. (1997) 
notes, students may learn different skills at different times. Thus they may be able to write a 
three-digit number before they can interpret a two-digit number. In this way the 
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administration protocol of the ENI, may be preventing teachers from gaining a clear picture of 
the students’ knowledge. 
It is clear that there are several areas of concern related to the ENI assessment for place value. 
As such further investigation into this instrument is required in order to ensure teachers are 
being provided with accurate descriptions of children’s place value knowledge. 
2.6.2 Uncovering Student Misconceptions Through Assessment. 
The work of Ross (1989) suggested that typical place value assessment items fail to expose 
common student misconceptions. That is, it is possible “many students appear to know more 
than they actually do” (Ross, 1989, p. 50). For example, Ross (1989) noted that the following 
four items, which commonly appear in assessments (not to mention in text books, applications 
and websites), could correctly be answered by students with the face value misconception: 
● In 27, which digit is in the tens place? 
● How many tens are in 84? 
● 35 = __tens and __ ones. 
● 7 tens + 5 ones =  ___ (Ross, 1989, p. 50) 
Students with the face value misconception look at the face value of a digit rather than its 
place value. Thus, while children with this misconception may be able to correctly identify 
and label the ‘tens’ and the ‘ones’ column, they do not recognise that the number represented 
in the tens column is a multiple of ten (Ross, 1989). One study by Ross (1989) conducted in 
the USA, noted that around 43% of 60 Year One to Five students exhibited this 
misconception. Price (1998) and Sierink and Watson (1991), noted similar numbers of 
students with this misconception suggesting it is equally prevalent amongst Australian 
students. 
It is very important to ensure that place value items uncover student misconceptions. In order 
to achieve this Ross (1989) used a sample of interview-based digit correspondence modified 
from those developed by M. Kamii (1980) to reveal students with the face value 
misconception. One such task presented ‘25’ counters to a student and required them to count 
and record the quantity. Ross then pointed to the digit ‘5’ and asked, “Does this part of your 
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twenty-five have anything to do with many counters you have?” (Ross, 1989, p. 48). This was 
then repeated for the digit ‘2’. Ross (1989) classified children who stated that the ‘2’ 
represents ‘2 counters’, as having the face value misconception as they were unable to 
recognise that the value of the ‘2’ was ‘2 x ten’, or ‘20’. Whilst similar interview tasks have 
been replicated in other place value studies (e.g., Price, 1998; Sierink & Watson, 1991; 
Sinclair et al., 1992; I. Thompson & Bramald, 2002) it appears that appropriate tasks are also 
needed to reveal this misconception in the paper-and-pen assessment mode. 
The inability of paper-and-pen place value assessment items to uncover common 
misconceptions is exemplified in the items from the 2003 Trends in International 
Mathematics and Science Study (TIMSS) (International Association for the Evaluation of 
Educational Achievement, 2005) and the 2011 TIMSS (International Association for the 
Evaluation of Educational Achievement, 2013) assessments for nine-year-old students. 
Table 2.8 summarises the results from the place value items included in the 2003 and 2011 
TIMSS assessments. It also presents the percentage of Australian and International students 
who correctly answered each item and the place value aspect addressed by each item (as 
defined in Section 2.3.8). 
Table 2.8. Data from Place Value items in 2003 and 2011 TIMSS assessments 
Item Year Item 
Aspect of Place 
Value 
% of 
Australian 
nine-year-
olds correct 
% of 
International 
nine-year-
olds correct 
% 
difference 
1 2011 100 more than 5432 Count 73% 66% +7% 
2 2011 Identify the four-digit 
number which has an 8 with 
the value of 800. 
Name/Record 75% 72% +3% 
3 2011 Make the smallest three digit 
number using five single 
digit cards 
Compare/Order 56% 48% +8% 
4 2003 What number equals 3 ones 
+ 5 tens + 4 hundreds + 60 
thousands? 
Calculate 62% 68% -6% 
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Item Year Item 
Aspect of Place 
Value 
% of 
Australian 
nine-year-
olds correct 
% of 
International 
nine-year-
olds correct 
% 
difference 
5 2003 Recognise the written form 
of the number 9,740 
Name/Record 89% 86% +3% 
6 2003 Which number is equal to 
eight tens plus nine tens? 
Calculate 65% 65% n/a 
7 2003 Recognise 358 shown in 
base-ten blocks canonically 
Make/Represent 86% 75% +11% 
8 2003 Which digit is in the 
hundreds place in 2345 
Name/Record 83% 77% +6% 
9 2003 Which of these has a value of 
342? (300+40+2) 
Calculate 87% 87% n/a 
 
The data presented in Table 2.8 can be looked at in several ways. On one hand, Australia can 
say that compared to the rest of the world their students’ achievement on the place value items 
is comparable. This suggests that the teaching and learning of place value in Australia is no 
better or worse than other countries throughout the world. Similarly it may even be noted that 
Year 4 students in Australia have a relatively respectable knowledge of place value, achieving 
a mean score of 75% correct on the place value items. However, when one looks more closely 
it becomes clear that most items are assessing a limited range of content (as seen by the 
aspects they address) and they fail to uncover common student misconceptions. 
Essentially all the items marked in green could be answered correctly by students with the 
face value misconception. For example ‘Item 8’, requires students to ‘identify the digit in the 
hundreds column’. As Bove (1995) described this type of item requires little more than 
students being able to recall the locations of the place value columns and, in this case, read the 
digit located in the hundreds column. As a result, the item does not require students to 
understand the quantity one hundred nor does it assess their appreciation of composite units. 
In this way, the green items can be considered to provide an incomplete picture of the Year 4 
students’ achievement in place value. 
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Extending the work of Ross (1989), Price (2001) noted a related place value misconception in 
the Year 3 students’ he studied. Price (2001) called this the Independent-Place Construct 
misconception and defined it in the following way: 
The independent-place construct occurs when a student treats symbols or concrete 
materials representing values in one place in the base-ten numeration system as 
separate from other places, and does not attempt to relate one place to another. (p. 
213) 
Price’s description explains that these students fail to see the link between place value 
columns and as such look at each column individually. 
Several examples of this type of thinking were noted in Price’s research, these include: 
1 Trading 1-for-1: Children were observed wanting to trade a base-ten ‘ones’ block for a 
‘tens’ block, thus not making links between the value of each place value column. 
2 Choosing incorrect blocks: Children used ‘ones’ blocks to represent ‘tens’, and 
‘hundreds’ blocks to represents ‘ones’, thus they were not relating the value of one 
column to the next. 
3 Use of place names merely as labels: Children were observed using the place names 
‘hundred’, ‘ten’, and ‘one’ with no apparent understanding of the value they represented. 
Thus they could not conceptually explain why tens were bigger than ones. 
4 Errors made in writing numerical symbols: Children were observed recording 6 tens and 
17 ones as ‘617’ suggesting they were treating the tens and ones as separate columns with 
no understanding of the relationship between each. 
5 A reluctance to consider non-canonical arrangements of blocks: children wanted to revert 
to canonical block arrangements as this allowed them to name and record the numbers in 
each column separately. 
It was considered that students with the Independent-Place Construct misconception could 
correctly answer the items shaded in blue in Table 2.8. For example, ‘Item 7’, requires 
students to recognise 358 represented canonically with base-ten blocks. With a canonical 
arrangement of blocks, students are able to record the numbers in each column separately and 
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are not required to consider the relationship between each. Clearly it is critical that place 
value assessments are designed with both the face value and independent place construct 
misconceptions in mind. Without this students may exhibit expert understanding in place 
value when this may not be the case. 
2.7 Issues in Teaching Place Value 
As stated by Resnick (1983), “the initial introduction of the decimal system and positional 
notation system based on it is, by common agreement of educators, the most difficult and 
important instructional task in early mathematics” (p.126). As such this Section will address 
the research associated with the teaching of place value. It will look at the introduction of 
place value, the role manipulatives play in supporting learning and the importance of 
incorporating larger numbers in instruction. Finally, the influence of teachers’ pedagogical 
content knowledge on place value and the issue of gender in place value will be presented. 
These issues will be considered with a view to identifying factors that may impact student 
achievement in this construct. 
2.7.1 When Should Place Value be Introduced? 
It is widely recognised that multiplicative thinking poses major difficulties for students (Clark 
& Kamii, 1996; Siemon, Izard, et al., 2006). Even to complete the seemingly ‘simple’ task of 
determining how many ‘tens’ are in ‘3 hundred’, students must understand both the composite 
unit ‘ten’ and how that unit relates to the composite unit ‘one hundred’. As noted by Steffe 
(1992) this coordination of units requires a deep level of multiplicative thinking. These 
obvious conceptual difficulties, have led several researchers to suggest that the introduction of 
place value should be delayed in schools. C. Kamii (1986) notes that at the age of six and 
seven students are not developmentally or cognitively ready to understand the abstraction of 
the place value system. This assertion was supported by the work of G. Thomas and Ward 
(2002) who found that when older children were introduced to place value they made greater 
gains than their younger peers. 
The inherent difficulty of the place value system has seen the investigation of alternative ways 
to introduce the concept. As mentioned in Section 2.3.1, R. Wright et al. (2011) describe an 
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alternative approach to place value, which they call conceptual place value (CPV). They 
explain that CPV centres around developing students’ skill in flexibly “incrementing and 
decrementing” (p. 77) or counting forwards and backwards in place value parts. R. Wright et 
al. (2011) assert that students should be proficient in CPV before conventional place value is 
taught. 
In CPV, with the guidance of the teacher, students use base-ten materials to model 
incrementing and decrementing by tens from one- and two-digit starting points. Next, students 
are given tasks requiring them to coordinate a count of multiple tens and ones. Finally, when 
ready, students are provided with “bare number tasks” (p. 78) requiring them to increment and 
decrement without the assistance of materials. This process is then extended to include 
increments of hundreds and thousands. R. Wright et al. (2011) explain that special attention is 
given to incrementing and decrementing over the decuples (multiples of ten) and centuples 
(multiples of one hundred) due to the difficulties these actions pose for students. 
Essentially CPV deals with the quantity of the number rather than looking at it in terms of 
digits. For example, ‘21’ is discussed in its full value: ‘twenty one’ or ‘twenty and one’, rather 
than ‘21 has a “2” in the tens column and a “1” in the ones column’. Ellemor-Collins and 
Wright (2009a) reported that the CPV approach was investigated in an intervention setting 
with over 200 students. Their paper presented a case study of one low-attaining Year 4 
student and reported substantive development in the student’s knowledge of CPV and multi-
digit addition and subtraction over the course of a ten-week intervention. Qualitatively the 
student did appear to develop sophisticated and flexible thinking in terms of the unit ‘ten’. 
This knowledge is something Cobb and Wheatley (1988) and Fuson, Wearne, et al. (1997) 
noted was of immense importance in developing students understanding of place value. As 
such there is a need for further research into CPV to investigate if it does in fact support 
students to develop a better understanding of ‘traditional place value’. Furthermore, 
considering CPV’s current use in small group intervention settings, the applicability of this 
approach in regular classrooms settings is also worthy of exploration. 
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2.7.2 Use of Place Value Manipulatives 
Manipulatives have long been used to support learning in mathematics education. As Moyer 
(2001) succinctly suggests, they are used to represent “explicitly and concretely mathematical 
ideas that are abstract” (p. 176). Essentially they provide teachers with an informal concrete 
representation of an abstract mathematical concept. Yet it seems there is conflicting evidence 
about the benefits of using such materials in mathematics and more specifically in the area of 
place value. 
Baroody (1989) points out that manipulatives are not ‘magic’ and they do not come with 
guarantees. This idea relates to the common disconnect that has been noted between students, 
manipulatives and concepts in place value. For example, Resnick and Omanson (1987) noted 
that students were able to use base-ten manipulatives to solve problems yet were unable to 
transfer this knowledge when completing conceptually similar written problems. As Uttal, 
Scudder, and Deloache (1997) point out, if children are not connecting the manipulative with 
the relevant content, learning may be complicated instead of simplified. 
A wide variety of manipulatives can be used for teaching whole number place value, however 
the most commonly used and frequently researched manipulative in countries such as the 
USA, the UK, Australia, New Zealand and Papua New Guinea appears to be the base-ten 
Multi-base Attribute Blocks (MAB) (Dienes, 1960). The popularity of MAB blocks was 
reported by Howard, Perry and Tracey (1997), who noted that 87% of 600 Primary school 
teachers from across New South Wales, reported using base-ten blocks in their place value 
instruction. They found that teachers indicated overwhelmingly that they believed these 
blocks benefitted their students’ mathematical learning. Yet, the findings of Howard et al. 
(1997) suggested that there was little theoretical underpinning to teachers’ use of these 
manipulatives. It was simply seen as ‘common practice’ to support place value instruction 
with base-ten blocks. This suggests the importance of supporting teachers to understanding 
why and how to best use place value manipulatives. 
Research by Baroody (1990) has shown that place value manipulatives can be categorised 
according to their level of abstraction. Table 2.9 summarises these categories. 
LITERATURE REVIEW 
79 
Table 2.9. Categories of place value models adapted from Baroody (1990)  
Category Description of model Example of model 
One Grouping ten ones into one ten Placing ten counters in a pile 
Two  Trading ten ones for a pre-grouped ten 
maker 
Base-ten blocks 
Three Trading in ten ones for a different looking 
ten marker 
Trading ten $1 coins for one $10 note 
Four Trading in ten ones for an identical 
looking ten marker that represents ten by 
virtue of its position 
On a place value chart, a counter 
represents ‘ones’ in the ones column, but 
‘tens’ when it is moved to the tens 
column. Thus the counter is remains the 
same, but its value has changed. 
 
Ross (1989) found that using manipulatives that are beyond students’ level of abstraction can 
reinforce place value misconceptions. For example, students who are not developmentally 
ready to understand the abstraction of base-ten manipulatives have been observed to generate 
their own ‘rules’ (Ross, 1989). That is, a student may think the ‘long block means tens’. As 
such, the importance of teachers being aware of the implicit difficulties provided by each 
manipulative category shown in the table above, is critical for effective instruction. 
Howard et al. (1997) and Uribe-Flórez and Wilkins (2010) observed infrequent use of 
manipulatives in Year 5 and 6 and Lower Secondary classrooms. Moyer (2001) noted some 
senior teachers believed manipulatives had to be new, exciting and fun to keep their students 
engaged, perhaps suggesting that base-ten blocks had been ‘done’ by the time students 
reached these year levels. This is disputed by Fuson (1990b) who explains that often base-ten 
manipulatives are “abandoned in too short a time for students to build new conceptual 
structures” (p. 277). Fuson’s assertion was confirmed in a meta-analysis, completed by 
Sowell (1989). She used statistical significance and Effect Size to reveal that manipulatives 
were most effective when used consistently over time. As such, it appears that teachers should 
be encouraged to continue to use base-ten manipulatives in Years 3 to 6 to consolidate the 
place value knowledge of their students. 
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However, on a practical level several inhibiting factors influence the use of manipulatives 
with Upper Primary school students. For example, most proportional place value 
manipulatives become too cumbersome to work efficiently with the size of numbers 
commonly investigated in these year levels. This was clearly seen in activities used in 
research by the Association of Independent Schools of South Australia and Australian 
Government Department of Education Science and Training (2004). This project saw students 
make proportional models of 10 000 and 100 000 based on the size of base-ten blocks. While 
these activities were noted to support students’ appreciation of the magnitude of numbers, the 
size of the models made them impractical for regular classroom use. For this reason further 
research is required to investigate models that will allow Year 3 to 6 students to efficiently 
and effectively represent large numbers. 
2.7.3 Place Value Knowledge Past Three-Digits 
Despite the limited amount of research into children’s understanding of place value beyond 
three-digits, it is clear students experience enormous problems in this area. This was seen in 
research by Gervasoni (2008) who noted that in a study of 7651 Year Prep to 6 students, 
many Year Four to Six students (Year 4: 52%, Year 5: 32%, and Year 6: 18%) were unable to 
order and/or correctly identify a number ‘ten more’ or ‘one hundred less’ than a four-digit 
number. As such it appears that Upper Primary school students have a limited and somewhat 
superficial understanding of place value. N. Thomas (2004) supports this by noting that even 
by Year 6 very few students could generalise the multiplicative structure of the number 
system. 
Research suggests that students’ problems in whole number place value are not limited to 
Primary school. Wade, Gervasoni, McQuade, and Smith (2013) used the Mathematics 
Assessment Interview (MAI), a derivation of the ENI, to assess the place value knowledge of 
88 Year 7 students at a Western Sydney school. They found that 82% of students were 
considered ‘vulnerable’ in whole number place value as they were unable to read, write, order 
and interpret four-digit numbers. Similarly, Howard and Perry (2001) found that of 554 Year 
7 students considered at risk, 91% of them had not moved past two-digit understandings of 
place value. Furthermore, in a study of 143 Year 8 students, Seah and Booker (2005) noted 
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that students’ knowledge of the number system was limited to three or four-digit numbers and 
observed many students struggled to deal with large numbers. These studies confirm the 
observation by M. Brown (1981) that many Secondary school teachers may be incorrectly 
assuming students have mastered whole number place value when this may not be the case. 
Thus, while the Upper Primary school and Lower Secondary school curriculum focuses 
largely on decimal place value, students may benefit more from further consolidation of 
whole number place value knowledge. 
Moloney and Stacey (1997) state that the concept of decimals relies on successfully 
integrating a thorough knowledge of the whole number place value system with the decimal 
system. The recursive pattern of the place value system extends infinitely to both the left and 
right of the decimal point. Resnick, Nesher, Leonard, Magone, Omanson & Peled (1989) 
explain that the two domains share many semantic features including base, order, place value 
and multiplicative structure. As such, one might consider the transition from decimal place 
value system to whole number system an easy one. However, the difficulties noted in research 
associated with decimals suggest otherwise. Research by M. Brown (1981) found that often 
students consider the numbers after the decimal point to be a completely “different number” 
(p. 51), with no apparent connection between the two systems. Undoubtedly this is an 
important connection for students to make. Yet, if students have not internalised the ‘system’ 
of whole numbers, it is not surprising they find the transition to decimals very challenging. 
Research suggests that working with and thinking about large numbers may help students to 
construct a better developed sense of form and structure within the number system (Zazkis, 
2001). Nataraj and Thomas (2012) support this idea, observing that after working with large 
numbers a class of 13-year-old students in New Zealand were able to generalise the 
multiplicative structure of the number system more successfully. While further work in this 
area is warranted, it does suggest the importance of Upper Primary and Lower Secondary 
school teachers incorporating large numbers into their instruction to support students 
appreciate the base-ten number system at a ‘macro’ level. 
Currently there seems to be little research into the effect that regularly using large numbers in 
the form of currency has on a child’s understanding of place value. Saxe (1988) observed 
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Brazilian candy sellers with very little or no formal schooling develop a knowledge of 
manipulating large numbers simply by being exposed to these ideas in their currency. Along 
similar lines, one wonders, for example, if Indonesian students who use the Rupiah currency 
develop a stronger sense of larger numbers and place value compared with Australian 
students. As the Rupiah consists of coins with a value of 50 to 1000 and banknotes with a 
value of 1000 to 100 000, Indonesians are exposed to and manipulate large numbers as part of 
their daily lives. In contrast, Australians rarely deal with numbers above three-digits, with the 
denomination of our largest banknote being one hundred dollars. It seems that a cross-cultural 
comparison to investigate the link between working regularly with large numbers and 
students’ understanding of place value could further extend research in this area. 
2.7.4 Teacher Knowledge in Place Value 
It has been shown that not only is place value difficult to learn, but it is also difficult to teach 
(Association of Independent Schools of South Australia & Australian Government 
Department of Education Science and Training, 2004). As Garlikov (2000) states: 
I believe the failure to learn place-value concepts lies not with children’s lack 
of potential for understanding, but with the way place-value is understood by 
teachers and with the ways it is generally taught. It should not be surprising 
that something which is not taught very well in general is not learned very 
well in general. (para 8) 
The influence that teachers have on student learning is widely accepted (average ES =  0.47) 
(Hattie, 2012). Yet, Hill, Rowan, and Ball (2005) found that students whose teachers had a 
low level of mathematical knowledge did not make as much gain in their achievement over a 
year as students whose teachers had a higher level of mathematical knowledge. This suggests 
the importance of developing the Pedagogical Content Knowledge (Ball, Thames, & Phelps, 
2008) of teachers in order to support them to effectively teach place value. 
Research by McClain (2003) observed issues with the place value knowledge of pre-service 
teachers. She described their knowledge as “superficial” (p. 289) while Khoury and Zazkis 
(1994) study observed pre-service teachers’ place value knowledge to be “more syntactical 
than conceptual” (p. 203). Yet research by J. Higgins (1999) suggests it is not only pre-service 
teachers that require support in place value but also classroom teachers. She noted a small 
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group of Year 3 teachers exhibited limited knowledge of the progression students’ make 
through place value. Similarly, Major (2011) noted that all four teachers in her research 
identified their need to further develop their knowledge of place value. This suggests the 
importance of supporting teachers through professional development associated with a place 
value instruction. 
2.7.5 Place Value and Gender 
For teachers to teach place value effectively they need to be aware of the factors that may 
influence their students’ understandings. Gender is one such factor. If males learn place value 
more readily than females (or vice versa) the teaching of the construct must be modified so 
that the learning of all students is supported. 
The current body of research into place value does not provide conclusive evidence to suggest 
the presence or absence of a gender bias. As mentioned in Section 2.2, many studies into 
place value have involved small samples of students completing interview-based tasks. Such 
methodological approaches make gender comparisons difficult to verify. Variance in student 
achievement may be due to individual students’ understandings rather than a more generalised 
gender influence. Nonetheless several studies have noted discrepancies between the 
performance of males and females in place value. This suggests the influence of gender in the 
learning of place value is worthy of further investigation. 
The work of Vale, Davidson, Davies, Hooley, Loton & Weaven (2011) appears to be the most 
robust research which investigates the link between gender and place value. The study looked 
at the Growth Point data of approximately 5 500 Victorian P–2 students in place value. Male 
students were found to have a stronger understanding of place value compared with their 
female counterparts. In the pre-test, females were noted to have achieved a lower mean 
Growth Point score (0.984) compared to males (1.075) in the domain of place value (F= 
19.411. p= <.05). Furthermore, when the cohort was retested six months later the males had 
improved significantly more than the females (F= 5.454, p<.05). This suggests that the male 
cohort started with a higher level of place value understanding and responded more favorably 
than the females to the instruction provided by teachers over the six months. Despite this 
observation the study did not suggest reasons to explain this gender gap. 
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Research by Howard and Perry (2001) also noted a place value gender difference in a sample 
of ‘at-risk’ Year 7 students. Over 500 students across New South Wales were interviewed on 
19 items, addressing place value, addition, subtraction, multiplication and division. It was 
noted that on both the pre and post test of the Counting On intervention program (Howard & 
Perry, 2001), the males score was significantly higher than the females on the items which 
addressed place value (F= 9.12, p<.005). Furthermore, the males were noted to improve more 
over the four months between the pre and post testing. Similar to the research by Vale et al. 
(2011), this improvement was found to be statistically significant (F= 9.12, p<.005). While 
this further supports the idea that place value knowledge and improvement appears to be 
influenced by gender, without descriptions of the exact number of items or the skills in place 
value each focused on it is difficult to determine the exact nature of the issue. 
Jordan, Hanich, and Kaplan (2003) also noted a gender difference in items involving place 
value. They found that in a sample of 180 Year 3 students, males outperformed females on 
three place value tasks. The tasks were described as being adapted from Hiebert and Wearne 
(1996), Ross (1989) and C. Kamii (1989) and involved counting and number identification, 
positional knowledge, and digit correspondence. As was the case in the work of Howard and 
Perry (2001), a gender difference was present but the results of this study were limited by the 
small number of items used to measure the construct of place value. 
Observations of gender difference were also noted by Carmichael (2013). His study looked at 
the differential item functioning (DIF) results of three place value items in the 2006 and 2008 
Longitudinal Study of Australian Children. The data analysed were based on the responses of 
teachers who were asked to assess their students’ proficiency using a five-point ordinal scale 
ranging from ‘1’ (not yet) to ‘5’ (proficient). From a cohort of around 4 500 six-year-old 
students, it was found that teachers rated the achievement of males on tasks related to place 
value higher than that of females. As the data used by Carmichael (2013) was based on 
teachers’ opinions of students achievement on a limited number of place value items, the 
generalisability of the data appears questionable. However, the commonalities with respect to 
gender between the results of this study and those mentioned above suggests there may indeed 
be a “gender difference in the way children learn about place value” (p. 136) 
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While the research mentioned above has touched on the possibility of a gender difference in 
place value, many others have chosen not to investigate this issue. The research reported by  
Ross (1990) is an example of a project which did not investigate gender. Her research looked 
at the place value knowledge of two samples of Year 2 to 5 children in the USA. Sample One 
included a wide cross-Section of 60 children from five Primary schools, while Sample Two 
included 40 children from one Primary school. All students were interviewed and completed 
ten place value tasks. Ross (1990) reported that in Sample One “males performance on the 
place value tasks were significantly stronger than the females”6 (p. 7). Yet she states that the 
lack of gender bias in Sample Two led her to analyse both samples without differentiation 
between males and females. As a result no further information about the gender bias in 
Sample One is reported in this research. Considering Sample One involved a larger and wider 
cross Sectional population of students, an investigation of the bias noted in this group may 
have provided further insights into the issue of gender. One wonders how many place value 
studies have overlooked similar anomalies in their data. Clearly the research into this area of 
place value is incomplete and, as such, comparisons of male and female achievement across a 
wide range of place value items (reported as Effect Sizes) are required to document the real 
extent of this issue. 
2.8 Chapter Summary 
● This chapter identified the absence of a shared definition of the content required to teach 
and learn place value. As such, the seven aspects of place value were identified from a 
synthesis of literature. These include calculate, compare/order, count, estimate, 
make/represent, name/record and rename. These aspects will form an important basis for 
this research project. 
● This chapter has shown that there is a lack of detailed research into students’ place value 
knowledge beyond three-digits. This research project aims to address this gap by 
investigating Year 3 to 6 students’ understanding of whole number place value. 
● This chapter has shown that place value frameworks have largely been developed from 
qualitative studies of small groups of children and have not addressed the seven aspects of 
                                                 
6  No statistical evidence was included in this study to confirm this statement 
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place value comprehensively. Therefore, this research project is aimed at creating a 
Developmental Progression for place value based on the seven aspects of place value. The 
progression will be developed from large-scale empirical data analysed using IRM-based 
Rasch (1960) modelling. In recognition of the qualitative insights gained from the 
previous research associated with place value a small sample of students and teachers will 
also be interviewed in this study. The Developmental Progression created will be used to 
guide and support Year 3 to 6 teachers in their place value instruction. 
● This chapter has identified the limited range of place value assessments available to 
teachers in Year 3 to 6 in Victoria. As such, both a paper-and-pen and an online place 
value assessment will be created and trialled in this research. In accordance with the 
features of a quality formative assessment the instrument will be based on the seven 
aspects of place value and address a range of item difficulties. In order to validate the 
assessment the Rasch (1960) analysis model will be used. This model will allow the 
assessment to be refined over multiple trials to become an internally consistent 
assessment with two parallel forms. Common student misconceptions identified in this 
literature review, including the face value and the Independent-Place Construct 
misconception, will be considered as items are designed to ensure the assessment provides 
a complete picture of students’ place value knowledge and document the changes that 
occur due to teacher intervention. 
● This chapter has highlighted several issues associated with the teaching and learning of 
place value. These include the role teachers play in supporting place value learning and 
the influence of gender on place value achievement. As such, this research project will 
investigate the influence of both these issues on student achievement using Effect Size 
measures. 
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In light of this, the following research questions will be addressed throughout this project: 
Major Research Questions 
1 To what extent can a valid paper-and-pen assessment tool called the Place Value 
Assessment Tool (PVAT) be developed for Year 3 to 6 students? 
i Are the seven aspects of place value (calculate, compare/order, count, estimate, 
make/represent, name/record and rename) necessary and sufficient to describe place 
value? 
ii To what extent can the PVAT be used to measure student improvement over time? 
iii Does gender influence student achievement and/or improvement in place value as 
measured by the PVAT? 
2 Can a comprehensive evidence-based Developmental Progression be created to address the 
whole number place value knowledge, strategies and skills of students in Years 3 to 6? 
3 Can a comparable online version of the Place Value Assessment Tool (PVAT) be created 
and validated? 
i To what extent can PVAT-O(online) users be supported by the audio assist feature? 
ii  What is the affective influence of mode preference on teachers’ and students’ 
opinions of the PVAT-O(online)? 
Minor Research Questions 
1 How does the knowledge, skills and strategies tested by the place value Section of the 
Early Numeracy Interview (ENI) align with the information gathered from the PVAT? 
2 What value do teachers place on the PVAT to be developed in this project? 
Chapter Three describes the paradigm, research design and methodological approaches 
employed to address these research questions in further detail. 
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CHAPTER 3 
Research Design 
This chapter begins by describing the research paradigm that underpins the project and 
informed the research design. The plan for each of the four phases of research is explained 
and the methodological approaches that will be used in each phase of the research is justified. 
In turn, Chapter Four and Five will describe the implementation of each of phase, and 
comment on any departures from the plan that is outlined in this chapter. 
3.1 Research paradigm 
The paradigm that underpins this research is pragmatism as described by Cherryholmes 
(1992). Pragmatism values finding solutions to problems to bring about change in practice. 
Pragmatic research is intended to have anticipated consequences (Cherryholmes, 1992). The 
purpose of this research is to assist teachers’ gain a deeper understanding of what is involved 
in learning place value and, as a consequence, to change the way they approach the teaching 
of this critical construct. For these reasons a pragmatic approach is considered an appropriate 
viewpoint on which to base this project. 
Cobb’s work describes how a pragmatic approach can be applied to research in mathematics 
education. For Cobb (1994, 1996), pragmatism allows researchers to draw on a range of 
perspectives to find resolutions to problems and improve student learning. Cobb describes his 
pragmatic view as moving away from “one-size fits-all perspective” to “co-ordinating 
perspectives to cope with specific problems” (Cobb, 1999, p. 148). As a consequence, this 
project will use a mixed methods approach (Creswell, 2009). This will enable the research to 
address specific problems in the most effective manner to improve place value instruction. 
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Using mixed methods will enable the overall strength of the research to be greater than it 
could have been using a purely quantitative or qualitative approach (Creswell & Plano Clark, 
2007). Shoenfeld (2007) states mixed methods removes “the artificial distinction between 
quantitative and qualitative methods” (p. 54) and synthesizes these two approaches to enable 
the fundamental objective of research to improve teaching and learning to be addressed. It is 
considered that a mixed methods approach will enable the project to be grounded in the 
classroom and connected directly to the students and teachers, supporting Cobb’s (1999) ideas 
that the relationship between theory and practice must be reflexive. 
The decision to use a mixed methods approach is further influenced by the researcher’s 
pragmatic belief that learning is both social and psychological in nature. Cobb’s (1995a) 
emergent perspective exemplifies this view through moulding the beliefs of social and 
psychological constructivism, stating that “neither individual student’s activities nor 
classroom mathematical practices can be accounted for adequately except in relation to the 
other” (Cobb, 2000, p. 310). In this project the quantitative data collected will allow the 
physiological aspect of student learning to be investigated, while the qualitative data will 
provide important insights into the social aspect of learning and teaching. 
As mentioned in Chapter Two, the main three research questions guiding this research are: 
1 To what extent can a valid paper-and-pen assessment tool called the Place Value 
Assessment Tool (PVAT) be developed for Year 3 to 6 students? 
2 Can a comprehensive evidence-based Developmental Progression be created to address the 
whole number place value knowledge, strategies and skills of students in Years 3 to 6? 
3 Can a comparable online version of the Place Value Assessment Tool (PVAT) be created 
and validated? 
To investigate these questions within a mixed methods approach a Concurrent Embedded 
Strategy (Creswell, 2009) will be used. Essentially this strategy involves collecting both 
qualitative and quantitative forms of data at the same time and then embedding one method 
within the other. In this research project, the primary source of data will be the quantitative 
student data gathered when the students complete the PVAT test. These data will then be 
analysed using Rasch modelling. The theories that underpin the Rasch model provide a 
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probabilistic framework that will allow the systematic analysis of student responses. These 
data will provide empirical evidence of the success of items, the internal consistency of the 
test and allow variables such as gender, and student improvement to be investigated. 
To support the quantitative Rasch data, the qualitative component of the mixed methods 
approach will involve interviews and surveys of teachers and students. These qualitative 
methods will allow the researcher to interpret what is observed and heard from students as 
they explain their responses to PVAT items. These qualitative data will be used to corroborate 
and provide ‘human insight’ into the Rasch analysis. Teacher surveys will also provide 
important insight into the opinions and views of the teachers in relation to the PVAT. These 
insights will be interpreted in order to inductively document the value teachers see in the 
PVAT. This investigation is considered important as the test is designed to inform teachers’ 
practice. 
The timing of the qualitative and quantitative data collection will be concurrent in each phase. 
This means that each iteration of the test trial will involve the trial of the test (the collection of 
the quantitative data), followed by the prompt collection of student’s qualitative insights 
through individual interviews with the researcher. This timing will ensure that students’ 
responses in both data sets are contemporaneous. The quantitative data set will be collected 
from a large sample of students in each phase (approx. 250 students) and from a several 
Catholic Primary schools in Melbourne. A sample of this size will provide a substantive 
amount of data on students’ responses to the test and allow important generalizations to be 
made about their achievement. Using student populations from different schools will also add 
weight to the generalizability of the results. 
In accordance with the pragmatic tradition, the researcher will mix the quantitative and 
qualitative data and interpret the results so as to influence change at both a classroom and 
curriculum level. An interpretative analysis of Rasch data will be particularly critical in the 
construction of the PVAT Developmental Progression. An inductive process of building the 
Rasch data into broad categories to create a generalized model that will describe student 
progression in place value will be used. This process will be heavily guided by the knowledge 
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and experience of the researcher as a teacher practitioner and further informed by the student 
interview data. 
From the outset it is clear that both data sets will provide different perspectives and insights. 
In the tradition of the pragmatic paradigm, acknowledging and exploring these differences 
will form an important part of the research (Cherryholmes, 1992). As noted by Creswell 
(2009) one of the limitations of the Concurrent Embedded Strategy is the possibility for 
discrepancies between the two data sets. It is clear that the qualitative data set will be limited 
by the small proportion of students (compared to those completing the test) who will be 
interviewed in each iteration. Around 10% of the student population will be approached to be 
involved in these interviews. It must be noted that their responses will only be used to provide 
a snapshot of responses, which will then be embedded into the primary quantitative data set. 
Section 3.1.1 provides a general outline of the four phases of research which will be used in 
this study. 
3.1.1 Project Outline 
This research aims to evaluate students’ knowledge of whole number place value through the 
design and implementation of an assessment tool called the Place Value Assessment Tool 
(PVAT) and the subsequent creation of a Developmental Progression for place value. The 
process to design and refine the PVAT will be conducted in four distinct phases (see 
Appendix C for a flow chart summarising the overall research design). 
● Phase One: the design, development and trial of PVAT items 
● Phase Two: the pilot and subsequent refinement of the PVAT test 
● Phase Three: the implementation of the Final Forms of the PVAT 
● Phase Four: the construction of the Developmental Progression for place value 
Section 3.2 will explain the plan for Phase One of the project. 
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3.2 Phase One 
Phase One, the first phase of the project, will involve the design and construction of the 
PVAT. This phase will involve a six step process to ensure that the test comprehensively 
addresses the construct of place value and is appropriate for the intended test population. 
The flow chart shown in Figure 3.1 summarises these six steps. Sections 3.2.1 to 3.2.6 will 
explain each step in detail. 
 
Figure 3.1. Process of research followed Phase One 
3.2.1 Step One: Creation of PVAT Test Blueprint 
Schmeiser and Welch (2006) suggest that “by far, the most important stage in the 
development of an educational achievement test is the design” (p. 308). As such, the first step 
in the development of the PVAT will be to create a test blueprint (Izard, 2005). The test 
blueprint maps the major specifications and objectives of a test to ensure it is constructed in a 
focused and directed manner. According to Izard (2005) a test blueprint addresses following 
aspects: test objectives, test population, test administration and the test evaluation procedure. 
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Each aspect of the test blueprint will be carefully considered and presented in the remainder 
this Section. This will aim to ensure the PVAT is a well-planned and comprehensive 
assessment of place value. 
Test Objectives 
The purpose of this test is to provide a comprehensive classroom-based assessment tool for 
Year 3 to 6 (8 to 12 year old) students and teachers in Victorian Primary schools. The test will 
be called the Place Value Assessment Tool (PVAT) and will assess student achievement in 
whole number place value (also referred to as place value). 
The PVAT aims to identify, represent and assess all seven aspects of whole number place 
value in a practical, user-friendly form. The objective of the test is to provide teachers with 
detailed information about the place value content students currently know and the content 
needing further work. The PVAT’s primary purpose is to provide a validated, internally 
consistent formative assessment tool that will enable teachers to measure students’ learning 
over a period of time (determined by the teacher). In this way the tool could be used to 
measure the quality of place value instruction and indicate to teachers the likely next steps in 
student learning. Two parallel forms of the test will be developed to facilitate these objectives. 
It is acknowledged that teachers may choose to use the PVAT in a summative manner, 
administering the test at the completion of a ‘place value unit’, yet this is not the intended 
purpose of the assessment. As Shepard (2006) notes, formative assessment “effectively 
implemented can do as much or more to improve student achievement than any of the most 
powerful instructional interventions” (p. 627). Consequently the central purpose of the PVAT 
is to inform teachers’ practice so that student understanding in place value can be further 
supported. 
Test Population 
The intended PVAT test population is all Year 3 to 6 students in Victorian Primary schools. 
However, as the test will only undergo trial in a small sample of Victorian Primary schools, it 
is considered beyond the scope of this project to determine if the PVAT is suitable for all 
Victorian schools. As such, the aim of this project is to produce two internally consistent 
Final Forms of the PVAT considered suitable for Year 3 to 6 students in the sample schools, 
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which, at a later time can be investigated for invariance. That is, whether or not other Year 3 
to 6 cohorts across Victoria find the items of similar relative difficulty to those involved in the 
trial (Smith & Smith, 2004). 
The PVAT will be purposely designed to be a multi-age test. As such, the same test will be 
used for all Year 3 to 6 students. Izard (2006) describes how teachers are often not provided 
with “information on the progress made by students over several year levels” (p. 12) due to 
the common practice of using “different tests at different stages of learning without… asking 
how the scores on each test relate to the overall continuum of achievement in that subject” (p.  
12). It is anticipated that the multi-age format will pose challenges in the item development 
stage, as different year levels are exposed to different place value content. However, when 
administered, the format will allow students from Year 3 to 6 to be located on the same scale, 
thus providing important information to teachers about students’ place value knowledge 
across Years 3 to 6. While the content used in the test will be specific for Year 3 to 6 students, 
it is anticipated that some Year 2 students may be able to attempt items successfully on the 
PVAT. Similarly, some Year 7 students may benefit from completing the test. As such, the 
test population may in fact be wider than those cohorts included in this project. 
The nature of whole number place value suggests that while the number system is infinite, the 
knowledge required to understand the system is finite. That is, there is a point where students’ 
knowledge of whole number place value will be generalised and they can be considered place 
value experts. Glaser (1999) notes that one of the characteristics of experts is that they 
“perceive large, meaningful patterns” (p. 91). Students who are experts in whole number 
place value, appreciate the pattern which underpins the number system and are capable of 
applying this knowledge to numbers of any magnitude. As a consequence it is anticipated that 
some competent students in the intended test population will reach the ceiling of the PVAT. 
This may be seen as a limitation of the test as teachers will not have a complete picture of 
high achieving students’ whole number place value knowledge (Izard, 2006). However, it 
may also be indicative that those students are ready to move onto decimal place value (content 
that is not addressed in the PVAT). 
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Test Administration 
The PVAT will be administered under regular test conditions by classroom teachers. Teachers 
will be instructed to take normal precautions to avoid students cheating. This will include 
seating students so they cannot see other students’ test papers and ensuring the test is 
conducted in silence. Detailed test administration instructions will be provided to all teachers 
prior to each PVAT trial to ensure consistency of test administration (see Appendix E). The 
researcher will have ‘control’ over the test papers at all times. Copies of the test paper will be 
provided to teachers just prior to the testing session (ten to 15 minutes before) and all copies 
of the test will be collected by the researcher immediately after the trial. This will decrease the 
likelihood of teachers using PVAT items in their instruction, thus avoiding the potential for 
practice effects to contaminate the results. 
As noted in Chapter Two, there are advantages and disadvantages associated with each 
assessment delivery platform. As the purpose of the PVAT is to be a practical and easy-to-
administer assessment for teachers, paper-and-pen or computer-based assessment are 
considered the most appropriate platforms. Considering that the PVAT is designed for Year 3 
to 6 students, students in these year levels are familiar with completing paper-and-pen 
mathematics tests, for example the National Assessment Program: Literacy and Numeracy 
(NAPLAN) tests (ACARA, 2011). Thus most would be expected to find the reading demands 
of such tests appropriate. Furthermore, individual interviews are considered too costly and 
time consuming for Year 3 to 6 teachers to administer to every student, given the usual size of 
classes. 
In the field-test (see Section 3.2.4), PVAT items will be presented to students on the computer 
with their answers recorded on paper. This delivery platform will be tried as the researcher is 
interested in seeing how the computer-based mode of testing is received by the students and 
teachers. The effectiveness of the computer-based mode of delivery will be assessed at the 
completion of the field-test to determine if this format is worthy of further trial. 
Test Evaluation 
The PVAT test papers will all be scored, collated and coded by the researcher. This will 
ensure the process is as “systematic and objective as possible” (Schmeiser & Welch, 2006, p. 
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328). Item response modelling (IRM) will be used to obtain evidence about the validity and 
reliability of the PVAT. IRM is a paradigm that is used in the design and construction of tests 
and other instruments measuring ability. Essentially IRM is the “specification of a 
mathematical function relating the probability of an examinee’s response on a test item to an 
underlying ability” (van der Linden & Hambleton, 1997, p. v). IRM focuses on the item level 
of a test and use probabilistic models to investigate the interaction between individual items 
and students (van der Linden & Hambleton, 1997). 
There are many different IRM models, but the models which will be used to analyse the 
PVAT is the Rasch dichotomous (Rasch, 1960) and partial credit models (Masters, 1982). 
Rasch analysis was selected to evaluate the test because it places student achievement and 
item difficulty on the same scale. Instead of Cronbach Alpha, Rasch item and person 
reliabilities will be used to determine the reliability of the tests. Rasch reliabilities are 
considered to be “more conservative and less misleading” (Linacre, 1997, p. 581) than 
Cronbach Alpha for making inferences beyond a test. The Rasch analyses will allow two 
empirically evidenced parallel forms of the PVAT to be created and allow a Developmental 
Progression of place value knowledge to be constructed from the PVAT data. 
The program Quest: The Interactive Test analysis system (Adams & Khoo, 1996b) will be 
used to complete the Rasch analyses of data. This program allows both partial credit and 
dichotomous data to be analysed simultaneously and places them on the same Rasch scale. It 
is necessary to note that in a test constructed from a majority of dichotomous items, it is 
difficult for partial credit items to fit the Rasch model. That is, partial credit items only 
survive if the mean ability of the students selecting each response is in the same order as the 
hierarchy of the responses to the item (J. Izard, personal communication, September 3, 2013). 
As such, it is acknowledged that this issue may cause problems in the PVAT test, depending 
on the proportion of partial credit and dichotomous items used. 
Finally, it should be noted that the Quest program relies on a Disk Operating System (DOS) 
interface, and as such is not as contemporary or widely used as some of the other Rasch-based 
programs such as WINSTEPS (Linacre & Wright, 2013). Nonetheless, similar to more 
contemporary Rasch-based programs, Quest provides item estimates, case estimate and fit 
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statistics that can be accessed as tables and maps. Quest has the additional advantage that 
information from Classical Test Theory is presented in conjunction with the IRM output, 
enabling investigation of incorrect responses to inform analysis (Adams & Khoo, 1996a). 
Appendix F, provides further explanation of the Rasch model. 
3.2.2 Step Two: Place Value Content Analysis 
Downing (2006) states “one of the most important questions to be answered in the earliest 
stages of test development is: What is the content to be tested?” (p.7). Without a clear idea of 
the exact content that is to be covered in an assessment, tests can lack focus and fail to 
achieve their intended purpose. The content specifications of a test are the conceptual 
framework which describes the knowledge, skills and concepts to be measured by the test 
(Webb, 2006). Tests are limited by the amount of content they are able to assess. Thus the 
decisions about what to include or exclude can significantly influence the inferences that can 
be made from the data gathered (Webb, 2006). Considering that one of the major problems 
associated with place value has been the absence of a shared definition of content (see 
Chapter Two, Section 2.3), the content analysis will be a critical step in the development of 
the PVAT. 
Wu and Adams (2006) noted that one of the challenges associated with developing a new 
assessment instrument is anticipating the difficulty of items before empirical item calibrations 
have been collected. They suggested the importance of gathering information from published 
research and similar assessment tools. As such, the content analysis of the PVAT will 
investigate references to whole number place value found in three major sources: 
● Relevant Literature (see Chapter Two: Literature Review) 
● The Victorian Essential Learning Standards (VELS) Curriculum (Victorian Curriculum 
and Assessment Authority, 2009) (see Chapter Two: Table 2.4 ) 
● Selected Assessments Tools related to place value (see Chapter Two: Table 2.5) 
Smith and Smith (2004) suggest that hypothesising an anticipated hierarchy of content 
difficulty could assist test development. As such, the content addressed in PVAT items will be 
summarised into hypothesised hierarchies based on Simon’s (1995) idea of Hypothetical 
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Learning Trajectories (HLT’s). As mentioned in Chapter Two, HLT’s are described as “the 
teacher’s prediction as to the path by which learning might proceed” (p. 135). D. Clements 
and Samara (2004) describe the three aspects that they consider contribute to a complete 
HLT: “the learning goal, developmental progression of thinking and learning, and a sequence 
of instructional tasks” (p. 84). For the purposes of keeping an open mind about whether or not 
it is possible to represent all aspects of place value on a single scale, individual HLTs will be 
created for each of the seven aspects of place value identified in Chapter Two. 
Each HLT will include a learning goal, “based on knowledge of the students’ current 
mathematical knowledge” (Simon & Tzur, 2004, p. 96). The learning goal will be: to identify 
the broad sequence of concepts and strategies needed for Year 3 to 6 students to come to 
a full understanding of the aspect of (insert: calculate, compare/order, count, estimate, 
make/represent, name/record and rename) in the whole number place value system. 
The content and skills within each HLT will be ordered from least to most difficult based on 
the relevant literature, the researchers’ personal teaching experience, and the content of other 
place value assessment items. Each aspect HLT will be presented in hierarchical stages from 
which PVAT items will be developed. Table 3.1 presents the HLT created for the 
make/represent aspect of place value. The other six HLT’s can be found in Appendix G. 
Table 3.1. Hypothetical Learning Trajectory for the ‘Make/Represent’ aspect of place value. 
Stage Make/Represent 
1 Students are able to canonically represent numbers using base ten materials. (S Ross, 1990) 
Students are able to represent numbers using proportional representations such as base ten blocks, 
bean sticks. (Baroody, 1990) 
2 Students are able to use non-proportional and proportional materials to represent a number. 
(Baroody, 1990) 
3 Students are able to use materials and identify non-canonical representations of numbers. For 
example, 5 tens and 12 ones represents 62. (Ross, 1990; N. Thomas, 2004) 
4 Students are able move spontaneously between physical and mental representations of number and 
standard and non-standard forms of almost any complexity. (G. Jones et al., 1996) 
5 Students are able to use materials to represent numbers in multiple bases. (Gagnon, 2012) 
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3.2.3 Step Three: Development of PVAT items 
The test blueprint and the content analysis will be used to inform the construction of PVAT 
items. As the researcher will be the only item writer, several discussions and reviews of items 
will take place with her supervisors and other mathematics education colleagues to refine the 
items before field-testing. PVAT items will also be sourced from place value research 
literature (e.g., Bednarz & Janvier, 1988; Hart, 1989; Ross, 1989; N. Thomas, 2004) and 
assessment tools such as the Early Numeracy Interview (ENI) and Booker Profiles in 
Mathematics. These items will be modified where appropriate to fit the requirements of the 
PVAT. At all times, item development will consider four important areas: Item content, Item 
Construction, Item format and Item Scoring. 
Item Content 
Each of the seven HLTs incorporate five hierarchical stages numbered one to five. Each stage 
indicates a hypothesised increase in content complexity. Stage One indicates the least 
complex content in the aspect, while Stage Five indicates the most complex content. One 
PVAT item will be designed to address each stage within each of the seven HLTs. This means 
that there will be a minimum of five items designed for each of the seven aspects. However, 
in accordance with the suggestion of Schmeiser and Welch (2006) that “at least twice the 
number of items needed in an operational test form should be field-tested” (p. 331). Thus, 
further items will be designed to allow for items that may be deleted in the revision process. 
The final forms of the PVAT will aim to have a range of item difficulties to address each 
aspect of place value separately. This will ensure students’ achievement across the seven 
aspects of place value is assessed accurately. 
Item Construction 
The text and graphical material used to form the item stimulus in each PVAT item will require 
careful consideration. The stimulus of an item is the graphs, models and pictures that 
introduce students to the content and explain what the item requires of them (Sireci & 
Zenisky, 2006). Lowrie and Diezmann (2009) assert that in an assessment item a “word, 
phrase or an element of a graphic can influence a child’s ability to decode information” (p. 
16). This suggests that the PVAT stimuli need to be simple and concise so as to ensure the 
potential success of an item. 
RESEARCH DESIGN 
101 
Stimuli used in the PVAT will require age-appropriate text, and where possible provide a 
context that is authentic and relevant for students. Kantrov (2000) assertion that “the use of 
‘real-life’ contexts in assessments can have defects in fairness for students of different cultural 
and economic backgrounds” (p. 8) is particularly important to keep in mind when designing 
PVAT items. In this way the context and stimulus selected for items can contribute to the 
occurrence of construct-irrelevant easiness or construct irrelevant difficulty in items 
(Messick, 1995). For example, an item called ‘Footy Match’ (Figure 3.2) could be considered 
to advantage students who were familiar with the game of Australian Rules football. As such, 
PVAT stimuli and context will be kept neutral wherever possible. 
 
Figure 3.2.  ‘Footy Match’ Item 
The context and content of each PVAT item will be used to determine whether graphical 
representations will be included in the stimulus. Graphics will only be included if they are 
considered to assist students to have a better connection or make more sense of the item. 
Some PVAT items will utilise “information graphics” (Diezmann, Lowrie, Sugars, & Logan, 
2009, p. 17) which will provide the mathematical information students require to answer the 
item. Other PVAT items will use “contextual graphics” (Diezmann et al., 2009, p. 17). These 
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graphics include no mathematical content pertinent to the item and will simply be used to 
contextualise the task for students. 
Item Format and Item Scoring 
A variety of item formats or types, including short-answer, multiple choice and extended 
response will be designed for use in the PVAT. The most appropriate item formats will be 
determined by the content the item is required to address (Schmeiser & Welch, 2006) and the 
inferences that are intended to be gathered from the item (Linn, 2006). For example, if an item 
is intended to explore a common misconception, carefully selected multiple choice answer 
options can allow this to occur successfully. Through integrating classical test theory and 
IRM, the Quest program can be used to provide an empirical analysis of the quality and 
success of each multiple choice option (Adams & Khoo, 1996b). 
By including a variety of item types in the PVAT it is also anticipated that a wider range of 
abilities and student thinking will be explored. Haladyna (1997) describes how open-ended 
items are often more appropriate than multiple choice items “for measuring high-inference 
mental skills or abilities” (p. 35), while Rodriguez (2002) explains that multiple choice can be 
just as effective at measuring cognitive behaviour if they are carefully designed to draw out 
information about the different levels of student achievement. Therefore, a combination of 
multiple choice, short and extended response questions will be developed. 
Short answer items will be included because they require students to “recall knowledge rather 
than recognise it” (Izard, 1977, p. 16). This item format is based around a question or a sentence 
that needs to be completed with a very short (often numerical) response (see Figure 3.3). 
 
Figure 3.3. Example of short answer item. 
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Short answer items mean that students will only be able to correctly answer the question if 
they have the knowledge required. However, because short answer items are scored 
dichotomously (as either as correct or incorrect), the full extent of the students understanding 
may be difficult to assess. Thus in order to gain further insight into students’ place value 
knowledge, multiple choice items will also be developed. 
Multiple choice items will use an “item stem” (Izard, 1977, p. 17) that is, a question or a 
statement, followed by several (usually four) response choices with one choice known as the 
key. Different multiple choice items will be designed including “correct-answer type” and 
“best-answer type” (Izard, 1977, p. 17). In the correct answer type items, the stem will be 
followed by one answer that is deemed correct and others, known as distractors, which will be 
incorrect (see Figure 3.4). 
 
Figure 3.4. Multiple choice item- Correct answer type 
In the best answer type items, all, or more than one response will be correct or reasonable, 
however, one response will be “unequivocally better” (Izard, 1977, p. 17) than the others (see 
Figure 3.5). A partial credit rubric (Nitko, 2001) will be designed to score each of these items. 
Lane and Stone (2006) suggest that performances at each score level should differ distinctly 
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from those at other score levels, so that a hierarchy of student understanding can be implied. It 
is anticipated that these items will allow the exploration of important student misconceptions 
associated with place value 
 
Figure 3.5. Multiple choice- Best answer type 
Finally, extended response items will be designed for the PVAT (see Figure 3.6). These items 
require students to explain the thinking behind their answer or provide more detail about a 
particular response (Haladyna, 1997). Extended response items will also be scored using a 
rubric to assess the depth and accuracy of each student’s response. This item type will provide 
higher achieving students an opportunity to show their full level of understanding. However, 
it is acknowledged that in some cases student responses may not indicative of their true 
understanding, therefore responses to these items will be treated with due caution when 
scoring the PVAT. 
 
Figure 3.6. Extended Response Item 
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An important final step in item development will be to ‘panel’ the items. Griffin (2004) 
describes this as a process by which experts examine the items and offer constructive 
feedback about how they could be improved. This process will involve informal discussions 
with the researcher’s supervisors (as mentioned at the beginning of this Section) and other 
colleagues in the mathematics education field. As a consequence of the panelling suggested 
revisions of the items will be completed before the field-test takes place. 
3.2.4 Step Four: Field-Testing of PVAT items 
Millman and Greene (1989) explain the advantages of trying out items with a small sample 
before a larger trial, stating that it provides the test developer with important insight into how 
the items are completed by ‘real’ students. Similarly, P. Jones, Smith, and Talley (2006) state, 
a field- test or “preliminary try-out” (p. 493) of items provides the researcher with important 
insight and decrease the chance of the next trial being “bogged down by avoidable technical 
glitches, unclear instructions, formatting problems, and even content errors” (p. 493). As 
such, a small field-test of the PVAT items will take place at School A, a Catholic Primary 
school in Victoria (subject to Approval from the RMIT CHEAN board). The field-test is 
planned to take place in late 2010. (the trial of Final Form of the PVAT is also planned to take 
place at this school in 2012 in Phase Three). 
The field-test will involve approximately 10% of the students in the Year 3 to 6 target 
population and its purpose will be to gain an initial impression of the readability and difficulty 
of the PVAT items. Students will be selected using a criterion sampling method that involves 
“selecting cases that meet some predetermined criterion of importance” (Patton, 2001, p. 
238). The criterion employed would require students to be working at or above place value 
Growth Point 3 (GP3), as determined by the Early Numeracy Interview (ENI). This criterion 
was selected, as according to Gervasoni (2004b), students in Year 3 to 6 above GP3 are not 
considered to be vulnerable in the domain of place value. As the purpose of the field-test will 
be to gain as much data as possible on each item, it is considered necessary, at this point of 
the research, to only include students in the sample who possessed a level of place value 
understanding that would, in theory, allow them to access a substantial proportion of the 
PVAT items. As shown in Chapter One: Table 1.1, Students working at GP3 are considered 
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by the ENRP Growth Point Framework to be able to ‘Read, Write, Order and Interpret three-
digit numbers’ (Department of Education and Early Childhood Development, 2011a). 
The PVAT items will be presented in their anticipated order of difficulty according to the 
seven HLT’s developed in Section 3.2.2. Then, in order to gain qualitative insights into the 
way they approach the items, each student will be individually interviewed. P. Jones et al. 
(2006) state that interviewing students after a field-test provides great insight to the way items 
are behaving and interpreted. Furthermore, research by Denvir and Brown (1987) found that 
the correlation between class-administered test items and students’ actual knowledge can 
sometimes be quite low. For this reason it is considered important to investigate if students’ 
written responses to the PVAT items are supported by their interview responses. 
The individual interviews will be conducted in the form of a clinical interview (Clement, 
2000) based around the items each student attempts in the field-test. Hunting (1997) describes 
the importance of ensuring interviews are conducted in a timely manner so as to gather the 
most useful information from students before they lose concentration. As such, each interview 
will take around 40 minutes and be structured around three of the five prompts Newman 
(1983) used in her Error Analysis Framework (five were considered to take too long). 
1 Please read the question to me. (Reading) 
2 Show me how you worked out the answer to the question. Explain to me what you are 
doing as you do it. (Process Skills) 
3 Now write down your answer to the question. (Encoding). 
The researcher will take extensive notes during the interviews and the interviews are planned 
to take place at a quiet location to be arranged with the school. These interviews will also be 
used to gather important information about the sample students’ place value knowledge as 
judged from the frameworks used by two research-based assessments commonly used in 
Victorian schools: the Early Numeracy Interview (ENI) (See Appendix D) and the Level 2 
Assessment for Common Misunderstandings (AFCM) instrument (See Appendix H). 
The students’ responses will allow their achievement on the ENI and AFCM to be compared 
with their achievement on the PVAT items. It is anticipated this comparison will provide a 
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further indication of the approximate difficulty level of the PVAT items being field-tested. As 
D. Clements, Wilson, and Samara (2004) note, longitudinal tracking of students provides 
important data for the validation of learning trajectories. Thus interviews with the students 
involved in the field-test will be repeated in 2012. It is anticipated that this will enable 
longitudinal tracking of a small group of students’ place value development over two years. 
3.2.5 Step Five: Revision of PVAT Field-Test 
As the purpose of the field-test is simply to conduct a preliminary try-out of the items and 
gain a broad indication of their success and difficulty, a qualitative analysis of this data is 
considered to be sufficient. Bond and Fox (2007) suggest that “qualitative inspection of the 
data is a necessary prerequisite to meaningful quantitative analysis and, hence, should always 
precede it” (p. 21). A Scalogram (Andrich, 1978, 1985; Bond & Fox, 2007; Guttman, 1944) 
will be used to conduct a systematic analysis of the PVAT field-test data. A Scalogram is a 
table of data where test results are arranged so students are ordered from least to most able 
(according to their total number of correct answers) and items are ordered from least to most 
difficult (according to the total number of correct answers for each item) (Izard, 1997, 1998). 
Arranging the data in this deterministic manner has similarities to the probabilistic Rasch 
model for measurement and can reveal important information about the way in which items 
behave and discriminate between students of different abilities (Andrich, 1985). 
A Scalogram will be used to identify items that do not conform to the underpinning premise 
of the Rasch model, that: 
a person having a greater ability than another person should have the greater 
probability of solving any item of the type in question, and similarly one item 
being more difficult than another means that for any person the probability of 
solving the second item is the greater one (Rasch, 1980, p. 117) 
Looking at the Scalogram, more ‘difficult’ items which are being correctly answered by low-
ability students or ‘easy’ items are incorrectly answered by high-ability students, will be 
highlighted and investigated. These items will be described as displaying unexpected 
behaviour. Factors such as the layout, text readability, context and content will be considered 
in order to determine the possible sources of confusion that students may have experienced 
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when answering the items. Information gathered from student interviews will also be used to 
investigate further, revise and refine problematic items. 
3.2.6 Step Six: Construction of Forms A and B of the PVAT 
The final step in Phase One will involve the construction of Forms A and B of the PVAT test 
ready for the pilot testing (which will take place in Phase Two). The construction of the test 
will be guided by the following considerations: test length, test formatting, number of test 
forms, range of item difficulty and the order of items. Detailed descriptions of each of these 
considerations are provided below. 
Test Length 
The duration of the NAPLAN Numeracy test, a compulsory large-scale test for students in 
Year 3 and 5 across Australian schools, was used as a guide when determining an appropriate 
duration for the PVAT. The duration of the Year 3 NAPLAN Numeracy test is 45 minutes, 
while the Year 5 test paper is 50 minutes (Australian Curriculum Assessment and Reporting 
Authority, 2011). Therefore, it is considered reasonable to expect students in Year 3 to 6 to be 
capable of, and familiar with, spending between 40 to 50 minutes on a mathematics 
assessment. With this in mind, the Final Form of the PVAT will be designed to take the 
majority of students 40 to 50 minutes. 
During piloting students will be given a maximum time of 60 minutes to complete the PVAT 
(applied using teacher discretion). The extra time will be provided to allow data to be 
collected on as many items as possible and gain an indication of the number of PVAT items it 
is reasonable to expect students to complete in the given time. Schmeiser and Welch (2006) 
note that the majority of students should attempt 90% or more of items in the given testing 
time. With this in mind, the exact number of items to include in the final form of the PVAT 
will be determined after the piloting phase. 
Test Formatting 
A critical part of test construction in both paper-and-pen and computer-based modes is 
ensuring the format of test is simple and appropriate. Test formatting refers to the design and 
presentation decisions that are made when a test is produced. Campion and Miller (2006) 
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describe three main elements when formatting a test, these include legibility, readability and 
reproducibility. Legibility involves the use of an appropriate text style and text size to ensure 
students can easily decipher the text. Readability refers to using layout and design to make the 
pages appear user-friendly, inviting and understandable to students and reproducibility refers 
to the influence that paper, ink and printing can have on the clarity of a test’s appearance 
(Campion & Miller, 2006). 
Keeping these ideas in mind, the formatting of the PVAT will be kept clear, simple and 
consistent. Text size, orientation and uniformity in the layout and presentation of each item 
will enable the test to be legible and readily accessible by students. The test will have a cover 
sheet on which students will be required to record their ‘Date of Birth’, ‘Sex’ and ‘Year 
Level’. The test will begin recto (on the right hand page) and will be printed in black and 
white. Six items will be located on each page, and pages will be printed back-to-back to save 
paper and minimise the cost of printing. As the test will not be printed professionally, it is 
anticipated that there may be some issues with the clarity of the images when they are 
photocopied. These images will be monitored closely throughout the trials to determine 
whether their resolution influences students’ ability to engage with the item. 
Number of Test Forms 
Chapter Two explored the important role that formative assessment plays in the teaching and 
learning cycle. As the PVAT will be designed for formative assessment purposes, two equivalent 
or parallel forms of the test will be constructed. A “common items equating” (Yu & Osborn 
Popp, 2005, p. 1) method will be used to create two final forms of the test: Final Form A and 
Final Form B. This method involves the use of link or common items, which will be present in 
both Final Forms A and B, and non-linking items, which will be unique to each form. 
As a psychometric analysis will not be completed on the PVAT field-test items, the process to 
equate the tests using the field-test items will initially be limited in its accuracy. Insights from 
Scalogram analyses, and the researcher’s personal judgment will be used to create two 
approximate equivalent forms for the pilot. The link items used for Form A and B will be 
those that displayed ‘expected’ behaviour in the field test. In subsequent PVAT tests, data 
from the Rasch analysis will be used to determine the difficulty of items and those that are 
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appropriate to use as link items. This will ensure a more reliable construction of parallel 
PVAT forms in subsequent trials. 
Range of Item Difficulties 
Izard (2006) explains that a “useful test is one where students of different achievement levels 
receive different scores and students of the same achievement level receive the same scores” 
(p. 8). Clearly, for a test to be a valid measure it must provide all students with the 
opportunity to show their individual level of knowledge (Izard, 2006). Thus there must be 
spread of low, medium and high difficulty items across student achievement levels and there 
must be similar numbers of appropriate items across the achievement levels. Initially the 
range of items will be determined using the HLT’s as a guide, however in subsequent trials 
Rasch modelling data will be used to select a balanced range of item difficulties. Judgment as 
to whether the test covers a balanced range will be based upon the notion of a rectangular 
distribution (Izard, 2006; Izard et al., 1982). A rectangular distribution of items will mean that 
there is an even spread of item difficulties across the test, thus allowing the test to 
differentiate between students efficiently, on the basis of sufficient items either side of a 
student’s achievement level. 
Order of Items 
There are several ways to organise a test paper with regards to the order of items. Items can be 
grouped according to their content, item formats or ordered by difficulty (Schmeiser & 
Welch, 2006). One of the most common test ordering methods is by item difficulty as it is 
considered an effective way to reduce student anxiety and avoid time wasting (Schmeiser & 
Welch, 2006). Considering that Victorian students are familiar with this type of item ordering 
(e.g., NAPLAN), PVAT items will be ordered in this manner. Initially, items will be ordered 
according to the HLT’s and researcher judgment. However in the subsequent trials of the 
PVAT the difficulty of items will be calculated by the Rasch model and ordered accordingly. 
At the end of Phase One, Form A and B of the test will have been created ready for pilot in 
Phase Two. 
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3.3 Phase Two 
The overall purpose of Phase Two is to pilot and refine the PVAT into two final forms. In 
order to achieve this two iterations of a process designed to gather quantitative and qualitative 
insights into the test will be completed. These will be known as Pilot #1 and Pilot #2 and will 
take place approximately one year apart at a second Catholic Primary school located in 
Victoria: School B. School B is intended to be a “pilot case” (Yin, 2009, p. 92) and will be 
approached because it has a larger percentage of Language Background Other than English 
(LBOTE) students compared to School A (where the Phase One PVAT field-test took place). 
It is anticipated that School B’s culturally diverse student population will increase the 
validity, reliability and generalisability of the insights gathered. Section 3.4 will detail Pilot 
#1, while Section 3.9 will detail Pilot #2. 
3.4 Pilot #1 
The purpose of Pilot #1 is to allow the entire Year 3 to 6 cohort at School B to attempt Form 
A and B of the PVAT. This will allow student responses to the PVAT to be collected to 
determine those items that fit the Rasch model and if the PVAT items can be located on the 
same uni-dimensional scale. Qualititiative data about the PVAT will also be collected in the 
form of student interviews and teacher surveys. A Rasch analysis of the PVAT data will be 
conducted and both the quantitative and qualitative data will be used to revise and refine the 
PVAT. Finally Form C and D of the PVAT will be constructed ready for Pilot #2. Figure 3.7 
graphically illustrates the process that will be followed in Pilot #1. 
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Figure 3.7. Process of research followed in Pilot #1 
Sections 3.5 to 3.8 further explain the process that will be followed in Pilot #1. 
3.5 Administration of PVAT Form A and Form B 
All Year 3 to 6 students at School B will complete the PVAT concurrently in their classrooms 
under supervision from their class teacher. Each class teacher will be sent a copy of the PVAT 
administration instructions (see Appendix E) via email one week before the test and also be 
provided with a hard copy on the morning of the test. As discussed in Section 3.2.1, the key 
aspects of the PVAT administration instructions will be: 
1 The test is to be conducted under test conditions; no talking or looking at anyone else’s 
work. 
2 If students are having trouble reading the test items, the teacher is permitted to read aloud 
the item to the student. 
These instructions will aim to ensure that despite the PVAT being administered at different 
locations (in individual classrooms) and with different supervisors (each class’s teacher), test 
administration will remain as consistent as possible (A. Cohen & Wollack, 2006). As 
mentioned in Section 3.2.6, students will be given a maximum of 60 minutes to complete the 
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test. Teachers may use their discretion to stop the test before this point if students are feeling 
overwhelmed with the content. 
Students will be quasi-experiment (Creswell, 2009) as the students will already be formed 
into class groupings, however within each class the students will be randomly allocated 
(Neuman, 2006) either Form A or B of the test. This means that within each class the 
researcher will allocate an equal number of males and females from each year level to each 
form of the test. This will ensure ‘randomness’ in allocation of each form but will allow 
balanced gender and year level information to be gathered on Form A and B. As such, it is 
anticipated that relatively equal numbers of male and female students within each year level 
will complete Form A and B of the test. For example, in a class of 28 students, where 14 are 
male and 14 are female, seven Form A test papers and seven Form B papers will be allocated 
to males, and the same to females. In order to achieve this the researcher will pre-mark the 
cover sheet on each test paper with ‘male’ or ‘female’ to ensure the teacher knows the gender 
of the student required to complete the test. From the front, Form A and Form B will be 
appear identical so the teachers, and students will not be able to identify which form they are 
completing. 
In accordance with the ethics requirements of the research, students will not record their name 
on the test. However schools will be given the opportunity to request that students write their 
Date of Birth (DOB) on the cover sheet of the PVAT booklet. This will enable classroom 
teachers to use the PVAT data when it is returned to their school. In this case, teachers will be 
asked to record a letter, for example ‘a’ or ‘b’ to distinguish those students who share the 
same DOB. The researcher will score all PVAT test papers, ensuring consistency in this 
process. 
3.6 Student Interviews and Teacher Survey 
Both M. Clements and Ellerton (1995) and Newman (1983) consider conducting student 
interviews an important way to gain further insight into the design of an assessment. Thus, 
approximately 10% of students from each year level in Year 3 to 6 will be randomly selected 
to be interviewed by the researcher about their responses to the PVAT. 
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The purpose of the interviews is to gain further insight into the readability of items and the 
thinking associated with students’ written responses to the PVAT. As seen in the Phase One 
field-test student interviews (see Section 3.2.4), an abridged version of Newman’s (1983) 
Error Analysis Framework will be used to guide these interviews. Each interview is expected 
to take about 45 minutes. Once again, the interviews will take place in a quiet location, 
determined by the school. 
Finally, in order to gain qualitative insights into the teachers’ thoughts and opinions of the 
PVAT, each Year 3 to 6 class teacher who supervises the PVAT testing session will be 
invited to complete a survey providing feedback related to the test (see Appendix I). Teachers 
will be encouraged to share any issues, errors or interesting points they noted as the students 
complete the PVAT. The information gathered from the teachers will be analysed and used to 
further refine the PVAT for Pilot #2. 
3.7 Rasch Analysis of PVAT Forms A and B 
The Rasch model will be used to analyse and investigate the student data collected from 
Forms A and B of the PVAT in Pilot#1. As the Rasch model is a unidimensional model, it is 
based upon the premise that only one human attribute or construct is to be analysed at a time 
(B. Wright & Stone, 1979). Thus the purpose of this Rasch analysis will be to determine if the 
PVAT items from Forms A and B are found to fit the model and address the same construct. 
It will be necessary to have some items that are common to Form A and Form B so that the 
two tests may be linked. An indication of the difficulty of those items that do fit the model 
will also be gathered. 
Pilot #1 will include three Rasch analysis Runs (referred to as Runs A, B and C) which will 
be explained in more detail below: 
● Run A: Form A (including some link items that are also on Form B) will be analysed to 
check which items fit the model. Items that do not fit the model will be discarded and, if 
necessary, replaced to maintain the balance of items in the original test blueprint, and the 
overlap of items with Form B. 
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● Run B: Form A (augmented as required) to generate an anchor file that includes link items 
that are also on Form B. 
● Run C: Form B with the items common to Form A anchored (fixed at the difficulties 
obtained from the Form A analysis in Run B). 
3.7.1 Run A 
The Rasch fit statistics will provide an empirical indication of the PVAT items that address 
the same construct by fitting the model. Thus in Run A the objective will be to determine 
which items (including the proposed link items) fit the Rasch model. Below, the process that 
will be followed to determine Item Fit is described. 
Item Fit 
Items that do not fit the Rasch model are those that diverge substantively from the pattern 
which assumes students with a higher ability will be able to answer the more difficult items, 
whereas the students with less ability will not. Thus, if low-ability students are answering an 
item correctly which students of higher ability are answering incorrectly, the item will have 
poor ‘fit’ statistics. The Quest program provides test fit data in the form of a table and a 
diagram. The diagram, referred to as an Item Fit map (Adams & Khoo, 1996b; Izard, 1995) 
graphically represents how the test items fit the model. Figure 3.8 shows an example of an 
Item Fit map. 
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Figure 3.8. Item Fit Map 
In the Item Fit map shown above, the items are listed on the far left of the map and the 
location of an asterix (*) determines each item’s ‘fit’ according to the Rasch model. The 
horizontal scale at the top of the map shows the infit mean square scale. Items that are deemed 
to have acceptable ‘fit’ statistics appear between the two vertical orange lines. Items not 
between these lines underfit or overfit the model. If an item overfits the model, it appears to 
the left of the first vertical orange line, suggesting the responses students are making to this 
item are too predictable (Smith, 2012). If the item underfits the model, it appears to the right 
of the second vertical orange line suggesting the responses the students are making are too 
unpredictable (Smith, 2012). The grey vertical line in the middle of Item Fit map is 
representative of items considered to perfectly fit the Rasch model. Thus the closer items are 
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to the line the more closely they measure the uni-dimensional construct underlying the test 
(Appendix J provides further discussion of the fit statistics provided by the Rasch model). 
In Run A an analysis will be conducted in order to determine the items that do and do not fit 
the model (including the proposed ‘link’ items). The procedure described by B. Wright and 
Stone (1979) will be followed to achieve this. First the ‘worst’ underfit item will be identified 
(item furthest to the right in Figure 3.8 above). This item will then be deleted from the data 
set, and the data will be put through another Rasch analysis. The ‘next worst’ fitting underfit 
item will then be identified, deleted and the Rasch analysis completed again. This process will 
be repeated, until all the underfit items have been deleted one by one. Next, the worst overfit 
item will be identified and deleted (item furthest to the left in Figure 3.8 above). The same 
process will be followed until all overfit items are deleted. This will leave only the items 
considered to fit the model. 
At the end of this analysis all surviving items (unique to Form A, and common to Form A and 
Form B) will be on the same scale. 
3.7.2 Run B 
Run B will involve creating an anchor file from Form A items which fit the Rasch model. 
Quest software allows items to be assigned a pre-determined item difficulty threshold based 
on previous analyses. This is known as anchoring. Anchoring the difficulty of items, allows 
the output of a test to be compared across contexts (B. Wright & Stone, 1979). 
The link items will be considered to be the most reliable items in the anchor file for the 
following reasons: 
1 The link items will have displayed ‘expected’ behaviour in the field-test at School A (see 
Section 3.2.4). 
2 The link items will be on Form A and Form B, so will be completed by all Year 3 to 6 
students at school B, thus the results from these items are more generalisable. 
At the end of this analysis all surviving items (unique to Form A, and common to Form A and 
Form B) will be on the same scale, and an anchor file will have been created. 
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3.7.3 Run C 
Run C will involve an analysis of the unique items located on Form B of the PVAT to put 
these items on the same scale of difficulty as the anchor items. The anchor file created at the 
end of Run B will include all the items from Pilot #1 which fit the Rasch model. Information 
in this anchor file will be used to determine the scale difficulty of all Form B items. 
At the end of this analysis all surviving items (unique to Form A, and common to Form A and 
Form B, and unique to Form B) will be on the same scale, and an augmented anchor file will 
have been created for all surviving items. 
This anchor file of items intended to meet the test blueprint will be available for use in Pilot #2. 
3.8 Revision/Refinement of PVAT Items 
In Section 3.7 the procedure for identifying a pool of items on the same scale was described. 
In this discussion the possibility of having to replace items to maintain the balance of items in 
the original test blueprint, and the overlap of items with Form B will be raised. 
Misfit items do not match the predictions of the Rasch model and should be carefully revised 
and then modified or omitted from the test (B. Wright & Stone, 1979). Thus, all misfitting 
items in Run A, B and C will be further analysed to determine the factors that may have 
contributed to their misfit. 
Smith and Smith (2004) suggest two main reasons why an item may misfit the model: the 
item may behave contrary to the requirements of the Rasch model, or similar content may 
have been replicated in another item. As such, as systematic process will be followed to 
determine if each misfitting item can be modified or should be completely discarded from the 
PVAT item pool. Items’ readability, format, context and content will be considered in the 
revision process to determine if these factors are related to the misfit. Student responses 
gathered in the interviews to the misfitting items will also be taken into account when revising 
such items. 
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3.8.1 Design of New PVAT Items Using Item Difficulty Thresholds 
As mentioned in Chapter Two, a quality assessment provides a sufficient spread of items to 
determine the achievement level of all students. Thus, the item-person map produced in Run 
C will be used to gain an indication of the spread of the each item’s difficulty in Form A and 
B of the PVAT. An item-person map is a graphical representation of the estimates of each 
item’s difficulty threshold and the achievement of each student shown on a log odds unit or 
logit scale (see Figure 3.9). 
 
Figure 3.9. Item-person Map 
In the figure above, the scale on the far left of the figure is the logit scale (circled in black). 
The logit scale is an additive interval scale in which all intervals have a consistent value 
(Andrich, 1988). The mean of the item difficulty is located at the ‘0’ point on the scale. Items 
that have a positive item difficulty threshold increase in difficulty as the logit value gets 
larger. Items which have a negative item difficulty threshold value become easier as the logit 
Items
Students
Logit Scale
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value becomes smaller (Smith & Smith, 2004). Thus the higher the items are on the logit scale 
the more difficult they are for children to answer. In Figure 3.9 the individual test items are 
located on the right hand side of the map and their range is shown in red. The ‘X’ markers on 
the left of the map represent individual students and their achievement range is circled in 
blue. The higher a student is on the logit scale the higher their achievement. 
When looking at an item-person map, Izard (2004) states that any ‘gaps’ on the right of the 
map indicate an absence of items to accurately assess the achievement of the students at the 
corresponding the achievement level. With this in mind, any ‘gaps’ in the item-person map 
produced in Run C will be identified and ‘new’ PVAT items will then be designed to address 
these ‘gaps’ bearing in mind the need to maintain the balance required in the test blueprint. 
3.8.2 Construction of PVAT Form C and Form D for Pilot #2 
Once the items that do not fit the Rasch model are omitted or revised and the design of new 
items is complete, two new forms of the PVAT will be created for Pilot #2. These will be 
referred to as Form C and Form D. The tests will be created from a mix of new, 
supplementary and anchor items. New items will be defined as any new, revised or refined 
items from Pilot #1. Any revisions or changes to the original Pilot #1 items will mean that 
their item difficulty thresholds no longer hold true (Andrich, 1988). Supplementary items will 
include items that fit the Rasch model in Run B or C but were unique items in Form A or B. 
As these items will have been in either Form A or B, they will not be considered as reliable as 
the anchor items which were included on both tests and will be subject to further trials. 
Anchor items will be the link items that fitted the model in Run A. As mentioned above, these 
items will be considered to provide the most reliable data. When developing Form C and D, a 
content-threshold analysis will be used to ensure there is an appropriate spread of item 
difficulty, item content and item types within each form. After Form C and D are constructed 
they will be used in Pilot #2. This process is explained in Section 3.9. 
3.9 Pilot #2 
Approximately 12 to 15 months after the administration of Pilot #1, Form C and D of the 
PVAT will be piloted again at School B. This pilot will be referred to as Pilot #2. The purpose 
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of Pilot #2 is to allow the entire Year 3 to 6 cohort at School B to attempt the refined forms of 
the PVAT. While Pilot #1 will be conducted to provide an initial indication of the fit of PVAT 
items, Pilot #2 will look in greater detail at the internal consistency of each form of the test. At 
the completion of Pilot #2, Final Form A and Final Form B of the PVAT will be constructed 
ready for trial in Phase Three. Figure 3.10 graphically illustrates the process that will be 
followed in Pilot #2. 
 
Figure 3.10. Process of Research followed in Pilot #2 
As there will be more than 12 months between Pilot #1 and Pilot #2, this is considered 
sufficient time to ensure that the learning effects resulting from students repeating the PVAT 
will be negligible (Izard, 2002a). Some of the reasons to support this are: 
● As Pilot #2 will be conducted in a new school year (2012 compared to 2011), the Year 6 
cohort from Pilot #1 will have moved onto Secondary school, so they will not complete 
the test twice. 
● When Pilot #1 takes place, the Year 3 cohort of students will be in Year 2. As such, when 
Pilot #2 takes place, these students will not have completed the PVAT before. As a 
consequence approx. 25% of students completing Pilot #2 will be ‘new’ students. 
Teacher Focus Group
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● Two forms of the test will be used in both Pilot #1 and Pilot #2. New items will be 
included in Form C and D for Pilot #2, therefore the percentage of items students will 
repeat will be relatively small. 
Section 3.10 to 3.13 will further explain the process followed in Pilot #2 in further detail. 
3.10 Administration of Form C and D and Student Interviews and 
Teacher Survey 
The same test administration process as Pilot #1 will be followed in the administration of 
Form C and D. Once again, approximately 10% of the student cohort (approximately 20 
students) will be interviewed regarding their responses to the PVAT and teachers will be 
asked to complete a feedback sheet immediately after the test. All Year 3 to 6 students at 
School B will complete the Pilot #2 concurrently in their classrooms. 
3.11 Rasch Analysis of PVAT 
A similar process to that followed in the Pilot #1 Rasch analysis (see Section 3.7) will be used 
to analyse the data collected in Pilot #2. Two runs will be conducted these will be called Run 
C1 and Run D1. The purpose of Run C1 and Run D1 will be to calibrate the Form C and D 
items against the items that fit the Rasch model in Pilot #1 (using the anchor file created in 
Run C). 
3.11.1 Run C1 and D1: Item Reliability Estimates 
In addition to the fit of items, Run C1 and D1 will also be used to provide information about 
the internal consistency of Form C and D. The Rasch model provides an indication of the 
replicability of item difficulty if the same items were given to a similar sample of students 
(Bond & Fox, 2007). This is known as the item reliability estimate. High item reliability 
means there is a suitable range of high and low items that would be expected to behave 
consistently in this manner. For this reason the Rasch item reliability estimate is considered to 
provide a measure of the internal consistency of the test. The Quest program produces a table 
that summarises item estimates and provides an indication of the reliability of estimate (see 
Figure 3.11). This value is measured on a zero to one scale. Item reliability estimates closer to 
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one suggest a test with higher item reliability. Item reliability less than 0.8 indicates a bigger 
sample is required to improve the reliability of the test (Smith, 2012). While sample size is 
important, other issues need consideration in judging actions to be taken improve reliability. 
For example, discarding items that fail to discriminate or are not consistent with other items 
might be expected to improve reliability provided that the intentions of the test specification 
are retained (Izard, 1997, 1998). 
 
Figure 3.11. Item estimates table showing the item reliability index 
In Run C1 and D1, the item reliability estimate statistics produced by Quest will be used to 
determine the internal consistency of each form of the test. The purpose of this analysis is to 
gain an indication if Form C and D will be appropriate tests for place value. These statistics 
will not be used to in Pilot #1 as this iteration of the test is focussed more at an item level. 
Figure 3.11 also shows the mean of the item estimates. This statistic will also be used to 
provide an indication of the range of item difficulties in each form. A value close to zero will 
provide evidence of psychometrically successful test. 
3.11.2 Run C1 and D1: Person Reliability Estimates 
The Rasch model also gives an indication of the replicability of student ordering that could be 
expected if the sample of students was given similar items measuring the same construct. The 
Quest program produces a table that summarises person (known as case) estimates and 
provides the person reliability index value (See Figure 3.12). The reliability of the person 
difficulty index scores in the Rasch analysis are measured on a ‘0’ to ‘1’ scale (B. Wright & 
Stone, 1979). Person reliability close to ‘1’ suggests the estimates are highly reliable, while 
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reliability values less than 0.8 indicates that more items are required to improve the reliability 
of the test (Smith, 2012). 
 
Figure 3.12. Case estimates table showing the person reliability index 
In Run C1 and D1 the case estimate reliability measure will be used to indicate how the 
students’ handle each form of the test. Furthermore the mean of the case estimates (see Figure 
3.12) will be used to determine how closely the test forms are matched to the student 
population. A case estimate mean of zero is considered to indicate the test is a ‘perfect’ match 
for the student population as a whole. 
3.12 Teacher Focus Group Meeting 
As noted in research by Doig and Hunting (1995) it is important to allow teachers to explore 
an assessment. Thus, several weeks after the Pilot #2 takes place, a 75 minute after school 
hours Teacher Focus Group (TFG) meeting will be facilitated by the researcher for all the 
Year 3 to 6 teachers at the School B. The purpose of the meeting will be to probe the teachers’ 
thoughts on the PVAT and determine the value they see (or don’t see) in the test. A similar 
TFG meeting is planned to take place at School A in Phase Three of the research. Conducting 
this meeting at School B will also allow the researcher to trial the content and format of the 
meeting in readiness for Phase Three. 
In the meeting the teachers will examine PVAT items, complete a classify and sort activity, 
look at PVAT student data and complete a feedback sheet. Each of these aspects of the TFG 
meeting are explained in Sections 3.12.1 to 3.12.4. 
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3.12.1 Examining PVAT Items 
This activity will be used to familiarise teachers with the style of items in the PVAT and 
generate teacher dialogue about the range of content and difficulty present in the test. The 
teachers will be asked to work in pairs and will be given a sample of approximately 28 PVAT 
items. The items will be selected from each of the seven aspects of place value and address 
different difficulty levels within each aspect. Teachers will be asked to: 
1 Complete each item 
2 Record the content/skills/knowledge required to answer the item 
3 Record the hypothesised difficulty level of each item for Year 3 to 6 students (Easy, 
Medium, or Difficult) 
As the teachers complete these activities observational notes will be taken by the researcher to 
gain an idea of teachers’ thoughts on the PVAT items. 
3.12.2 Classify and Sort Activity 
Next the teachers will be asked to complete a Classify and Sort activity in groups of three or 
four. The purpose of this activity will be to see if the teachers can identify common areas of 
content addressed in the PVAT, such as the seven aspects of place value. 
The teachers will be given a sample of items placed on ‘post-it notes’7. The teachers will be 
asked to classify the items into groups according to common content, common skills, common 
thinking or anything the teachers feel links the items together. 
The teachers will then be asked to sort the items within each of their groups into their 
hypothesised order of difficulty. After each group completes this activity, the whole group 
will discuss the classifications. 
                                                 
7  A Post-it note (or Sticky Note) is a small piece of paper with a strip of adhesive on the back. They are 
designed for temporarily attaching the piece of paper to a surface or document. 
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3.12.3 PVAT Student Data 
In order to generate conversation about the PVAT data, student results from Pilot #2 will be 
presented to the teachers. This will include cohort and class data and will allow the teachers to 
explore if the PVAT was an accurate measure of their students’ knowledge. 
3.12.4 Feedback Sheet 
At the completion of the meeting, teachers will be invited to individually complete a Positive, 
Negative, Interesting (PNI) feedback sheet (See Appendix K). Teachers will be invited to 
record any positive, negative and interesting thoughts on the PVAT test, the PVAT student 
data and the meeting. The purpose of collecting this data is to ensure teachers’ voices are 
heard in the process to construct and refine the PVAT. The sheet will be completed 
anonymously and the researcher will leave the room to encourage teachers to be candid in 
their feedback (Fink, 2003). 
3.13 Revision/Refinement of PVAT 
It is anticipated, that having been through the Phase One field-test, Pilot #1 and Pilot #2, very 
few items will require revision at this point in the research. Similarly it is anticipated that very 
few new items will need to be included in the final forms of the test. This will allow the 
PVAT items will be selected from a stable “calibrated item pool” (Kolen & Brennan, 2004, p. 
p. 289), where the difficulty thresholds of all items will be known. 
From this item pool, two final forms of the PVAT will be created. These will be called Final 
Form A and Final Form B. These forms will be constructed to be parallel in item difficulty 
and content. Link and Unique items will be used to construct the two forms. Following the 
‘rule of thumb’ suggested by Angoff (1971) and later by Kolen and Brennan (2004), at least 
20% of the items will be link items (located in both forms), to ensure accurate comparisons 
can be made. The link items will be placed in approximately the same location in both Final 
Form A and B and this will be as close as possible to where they were located in the Pilot #2 
test forms. This will avoid the possibility noted by Kolen and Brennan (2004) of items 
behaving differently because of a change in their position in a test. 
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To ensure the test forms are equivalent in both content and difficulty several analyses will 
take place, these include: 
● An Item Difficulty Table for each aspect to determine the spread of item difficulty 
● A Content Analysis to ensure that each form has equivalent numbers of items from each 
of the seven aspects of place value (Izard, 1997, 1998) 
● An Item Number and Item Type analysis to ensure that each form has an equivalent 
number of items and they are similar in type. For example, multiple choice, short answer 
etc. 
● The Rectangular Distribution of each form. This will ensure that each form has similar 
number of items at each logit on the Rasch scale (Izard, 2006; Izard et al., 1982) 
● The Mean Difficulty of the items included in each form will be calculated. The mean 
difficulty of the items used in Final Form A and Final Form B will be calculated and 
compared in order to determine if the tests are considered of similar difficulty (as 
determined by Effect Size measures) 
3.14 Phase Three: The implementation of the Final Forms of the PVAT. 
Having constructed Final Form A and B in Phase Two, the purpose of Phase Three is to trial 
these forms on another population of students. Thus, Phase Three will take place back at 
School A. All Year 3 to 6 students at school A will complete alternate forms of the PVAT in 
two trials, named Trial #1 and Trial #2. Trial #1 and Trial #2 will be conducted 
approximately one term (11 weeks) apart. An interval in between the tests will allow the 
learning that has taken place in this period to be measured and reported using Effect Size 
measures. Section 3.15 will explain Trial #1 in further detail. 
3.15 Trial #1 
Trial #1 is planned to take place in Term Three of the 2012 school year, approximately two 
years after the Phase One PVAT field-test has been conducted at this school. This will mean 
that the Year 5/6 children involved in the field-test will have left the school and the Year 3/4 
students will have progressed to Year 5/6. Figure 3.13 illustrates the process that will be 
followed in Trial #1. 
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Figure 3.13. Process of Research in Trial #1. 
Sections 3.15.1 to 3.15.4 will explain in detail the process to be followed in Trial #1. 
3.15.1 Administration of PVAT Trial #1 
A counter-balanced measured design will be used to administer the tests in the trial 
(Shuttleworth, 2009). This design will reduce the chances of the order of treatment, or other 
factors adversely influencing the results of the trial. For Trial #1 half the students within each 
class will complete Final Form A (randomly allocated), while the other half will complete 
Final Form B. The opposite will occur in Trial #2. The test will be administered in the same 
way as described in Section 3.5. 
3.15.2 Student Interviews/Teacher Survey 
As indicated in Section 3.2.4, approximately 15 Year 3/4 students will be interviewed in the 
Phase One field-test at school A. This sample will be re-interviewed two years later, in the 
week following Trial #1 (provided they are still at the school). Again an abridged version of 
Newman’s Error Analysis (1983) will be used to guide these interviews and students will be 
also interviewed using the ENI. This will allow each student’s current Growth Point to be 
determined. Through these interviews the longitudinal change in the students’ place value 
knowledge as measured by the ENRP place value Growth Points can be determined 
quantitatively. Students’ improvement according to the PVAT can also be qualitatively 
Teacher Focus Group and Teacher PNI Survey
Rasch Analysis of Trial #1
Student Interviews/Teacher Survey
Administration of PVAT Trial #1
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summarised through a comparison of interview data gathered in these interviews and that 
gathered in Phase One. 
A random sample of ten to fifteen current Year 3/4 students will also be interviewed regarding 
their responses to the PVAT and the ENI. The purpose of these interviews is to gain an 
indication of these students’ responses to the final forms of the PVAT, and allow comparison 
to be made between their Growth Point and PVAT results. 
As in Phase Two, teachers will be asked to complete a feedback sheet, where they can record 
any thoughts or concerns about the PVAT test and trial (see Appendix I). This feedback will 
be used to address any issues before Trial #2 and gauge teachers’ thoughts on the test. 
3.15.3 Rasch Analysis of Trial #1 
A Rasch analysis will be conducted on the quantitative data collected in Trial #1. This will be 
called Run A1. This run will be used to determine if Final Forms A and B of the PVAT fit the 
Rasch model in Trial #1 and can be considered internally consistent tests. Run A1 in Trial #1 
will include: 
● Analysis of Form A items only to determine which items fit the model 
● Analysis of Form B items only to determine which items fit the model 
In addition to these analyses, in order to link the quantitative Rasch data with the qualitative 
insights gathered in the student interviews a feature of the Quest program called Kidmap will 
be used. A Kidmap provides an individual summary of how one student’s responses to PVAT 
items fit the Rasch model (Adams & Khoo, 1996b). A Kidmap will be created for each 
student who will be interviewed in this trial. The purpose of the Kidmap analysis is to 
highlight the PVAT items individual students answered which were in opposition to the 
expectations of the Rasch model. The transcripts associated with these items will then be 
analysed to determine the possible reasons behind the unexpected responses. It is anticipated 
this will provide further insight into the test items and the Developmental Progression to be 
created in Phase Four. 
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3.15.4 Teacher Focus Group and Teacher PNI Survey 
As close as possible to Trial #1, a Teacher Focus Group (TFG) meeting will be conducted for 
all Year 3 to 6 teachers at School A. The purpose of this meeting is to explore the teachers’ 
opinions of the PVAT and present them with their students’ results from Trial #1. This 
meeting will be based on the same format as that used in Pilot #2 at school B (see Section 
3.12). Thus at the completion of the meeting, teachers will complete a voluntary and 
anonymous Positive, Negative Interesting (PNI) survey (see Appendix K). It is expected that 
this meeting will involve approximately ten teachers (depending on the size of the school). 
Considering this is a relatively small sample size, in accordance with an interpretative 
framework, each teachers’ interpretation of the questions will be considered individually and 
responses will not be aggregated (Neuman, 2006). This will provide a detailed picture of the 
range of responses to the survey. 
3.16 Trial #2 
Approximately ten to twelve weeks after Trial #1, Trial #2 will take place at School A. Figure 
3.14 illustrates the process that will be followed in Trial #2. 
 
Figure 3.14. Process of Research in Pilot #2 
Sections 3.16.1 to 3.16.3 will further explain the process to be followed in Trial #2. 
Analysis of Student Improvement Data
Rasch Analysis of Trial #2
Final Teacher Survey
Administration of PVAT Trial #2
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3.16.1 Administration of PVAT Trial #2 and Final Teacher Survey 
The test will be administered in the same manner as Trial #1, however students will complete 
the alternate PVAT form. That is if they completed Final Form A in Trial #1, they will 
complete Final Form B in Trial #2. After the students have completed the test, a final teacher 
survey will be completed voluntarily and anonymously. The purpose of this survey will be to 
ascertain the level of influence the Teacher Focus Group meeting had on teachers, and their 
final thoughts on the PVAT. In this survey the teachers will be asked to record their thoughts 
on the following questions: 
● Year Level you are currently teaching 
● Did you change any aspect/focus of your place value teaching after attending the Teacher 
Focus Group meeting? If so, please provide specific examples 
● Did the results on the PVAT surprise or confirm your thoughts on students’ place value 
understandings in your class? Please explain 
● Do you believe the PVAT is a useful tool for assessing the whole number place value 
knowledge of your students? Why/Why not? 
● Any other comments/suggestions 
3.16.2 Rasch Analysis of Trial #2 
A Rasch analysis will be conducted on the data collected from Trial #2. This will be used to 
determine if Final Form A and B fit the Rasch model in Trial #2 and can be considered 
internally consistent tests. Run A1 in Trial #2 will involve: 
● Analysis of Form A items only to determine which items fit the model 
● Analysis of Form B items only to determine which items fit the model 
In order to determine if Final Form A and B address a common construct and are comparable 
tests an analysis including Rasch data from Trial #1 and #2 will be completed. The following 
sub-Sections explain these analyses. 
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Common Construct 
An anchor file from the test with the highest reliability estimate and greatest range of item 
difficulty thresholds found during Run A1 in Trial #1 and Trial #2 will be created. The anchor 
file will be used to determine if the Final Forms A and B tests are measuring the same 
construct. This Run will be called Run B1. The item-person maps and item reliability estimate 
data created this run will be used to critique the each form of the PVAT. 
Comparable Tests 
In order to determine if the Final Form A and B can be considered comparable, the mean and 
standard deviation of item difficulties for the unique and link items in Trial #1 and Trial #2 
will be calculated. If these items have a comparable range of item difficulties, the test can be 
considered comparable and parallel, and thus appropriate for use as a formative assessment. 
In addition to the tests being comparable, it is also important to determine the students who 
completed the tests are comparable in their achievement so as to confirm the validity of the 
test. Thus the students at School A will be divided into two groups. Group One and Group 
Two. Group One will be the students who completed Form A first and then Form B. Group 
Two will be those who completed Form B then Form A. The mean achievement of Group One 
and Two in Trial #1 will be compared using Effect Size measures. Finally, the improvement 
of Group One and Group Two between Trial #1 and Trial #2 will be compared using Effect 
Size measures. That is, Group One’s mean achievement on Trial #1 will be compared to their 
mean achievement of Trial #2. The same will be done to measure the improvement in Group 
Two. If both groups are comparable in their achievement in Trial #1 and improve to a similar 
extent over the ten weeks, this will be considered to be evidence of test validity for the 
purpose of detecting changes in achievement (Messick, 1995). 
3.16.3 Analysis of Student Improvement Data 
If Group One and Group Two are found to be comparable, their data will be combined and the 
student improvement according to gender and year levels will be investigated using Effect 
Size measures. These data will allow comparisons to be made between the different cohorts of 
students and determine the potential influence of factors such as gender, formative assessment 
and teacher professional development on learning place value (Hattie, 2012; Izard, 2004). 
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3.17 Phase Four: Construction of the PVAT Developmental Progression 
for place value. 
Phase Four involves the construction of a Developmental Progression for place value. As 
mentioned in Chapter Two the capacity of the Rasch model to order assessment items from 
least difficult to most difficult is an empirically grounded method for determining progression 
that has been used in many research contexts (see Callingham, 2004; Griffin, 2010; Izard et 
al., 1982; Izard & White, 1982; Siemon, Breed, et al., 2006; J. Watson et al., 2006). Using the 
same methods, the PVAT test data will be used to derive a Developmental Progression for 
place value. 
Griffin (2004) describes the process to create the Developmental Progression from Rasch data 
as criterion-referenced interpretation. This framework for interpretation links the work of 
Glaser (1981), Rasch (1960) and Vygotsky (1978). Glaser (1981) suggested that assessment 
items could be ordered into sets and used to interpret a student’s proficiency in a construct. As 
the Rasch model empirically orders items according to difficulty and relates this data directly 
to student achievement, the model provides evidence of the progression to which Glasser 
referred. Furthermore, the measurement theories of Rasch (1960) can be considered to align 
closely with Vygotsky’s zone of proximal development (ZPD) construct (see Chapter Two: 
Section 2.4). In order to demonstrate this link, Figure 3.15 shows a simplified version of a 
Rasch item-person map. 
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Figure 3.15. Simplified item-person map 
In the Figure above, students shown with a red ‘x’ are considered by the Rasch model to have 
a 50% chance of successfully answering those items where the difficulty and their 
achievement are equal (for example, Item 6a). The Rasch model states that these same 
students have almost a 75% chance of correctly answering a dichotomous item located one 
logit below, and a 25% chance of answering an item located one logit above (Rasch, 1960). 
When items with a similar difficulty range are grouped into levels or stages, teachers can be 
provided with an indication of the knowledge that is within the ZPD of each student. Thus the 
Rasch model can be considered to provide the critical link between Glaser’s progression of 
increasing competence ideas and Vygotsky’s ZPD construct (Griffin, 2007). 
As the purpose of the PVAT Developmental Progression will be to provide teachers with a 
guide to the evidence-based path students take when coming to understand place value, it is 
critical that the progression is explicit and ‘teacher-friendly’ (Griffin, 2007). As such, the 
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progression will be organised into ‘teacher-friendly’ stages. These stages will provide a broad 
classification of the thinking required to progress in place value and will assist teachers to 
better target their teaching of place value to each student’s needs. It is noted that using a 
‘broad’ classification system can be considered to overlook the precise estimates made by the 
Classical Test Theory model and also by implication the Rasch model (Ebel, 1969). However, 
this is considered an important compromise to ensure the framework is practical and 
informative for teachers. 
In order to construct stages in the PVAT Developmental Progression, the method described 
by Griffin (2004) in the Vietnam Reading and Mathematics Assessment Study will be used. 
This will involve both a statistical and conceptual analysis of the PVAT test data. Firstly, 
Final Form A and Final Form B items will be ordered according from least to most difficult 
according to the Rasch data collected in Trial #1 and Trial #2. Each item will also be 
classified according to the “underpinning cognitive skill” (Griffin, 2004, p. 491) it addresses. 
For example, the underpinning skill in a compare/order item may be ‘order three two-digit 
numbers’. Next, “Natural breaks” (Griffin, 2004, p. 493) in the difficulty of items in each 
form will be identified. As noted by Griffin (2007) discernible changes in the difficulty of 
items can indicate the “transition points” (Griffin, 2007, p. 92) where a change in the 
cognitive skill is required to correctly answer items. Locating the transition points will allow 
items to be clustered together in Stages. 
The items located within each Stage will then be analysed to determine if “a common 
substantive interpretation” (Griffin, 2004, p. p. 504) of the items can be found. The process to 
determine commonalities within each Stage will require an understanding and interpretation 
of how students think about place value, further justifying the importance of the pragmatic 
paradigm that underpins this research. Finally, the thinking skills and knowledge required for 
each stage will be succinctly summarised for teachers. 
3.18 Chapter Summary 
This chapter has explained the research design for Phase One, Two, Three and Four of the 
research project. 
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● Phase One involves the planning, construction and field-testing of PVAT items at School 
A. It will result in the construction of Forms A and B of the PVAT 
● Phase Two involves two iterations of the PVAT at School B: Pilot #1 and Pilot #2. 
Quantitative Rasch data and qualitative student and teacher insights gathered in both 
pilots will be used to refine and revise Forms A, B, C and D of the PVAT, resulting in the 
construction of Final Forms A and B of the test. 
● Phase Three involves the trial of Final Form A and B of the PVAT at School A. Two 
trials (Trial #1 and Trial #2) will take place approximately 11 weeks apart to measure 
student learning in place value over this period. Qualitative data will also be collected 
from students and teachers in the form of student interviews, teacher surveys and 
observations of a Teacher Focus Group. The purpose of Phase Three is to determine the 
internal consistency of the PVAT and investigate the improvement of students according 
to gender and age. 
● Phase Four centres around the construction of a Developmental Progression for place 
value based on the Rasch analysis of the PVAT data collected in Phase Three. Four stages 
will be used to describe for teachers the possible path students take to understand place 
value. 
Having presented the plan for this research project to the RMIT School of Education, 
permission was granted for the project to begin (see Appendix A: Figure A.1). Chapter Four 
will describe in detail the implementation of Phase One and Two. 
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CHAPTER 4 
Implementation of Phase One and Two 
This chapter describes in detail the procedure followed to implement the research design 
described in Chapter Three. Phases One and Two of the research project are explained with 
explicit reference to any amendments or changes to the research design that took place as the 
project was completed. Firstly, relevant ethics approval for the project was sought and 
received from both RMIT University, Design and Social Context College, College Human 
Ethics Advisory Network (Ref. no: CHEAN B-2000350-06/10) (see Appendix A: Figure A.2) 
and the Catholic Education Office Melbourne (CEOM) (Ref. no: GE10/0009) (see Appendix 
A Figure A.3 and A.4). 
Phase One and Two of the study were then conducted between September 2010 and 
December 2011 with Year 3 to 6 students and their teachers at two Catholic Primary schools 
in metropolitan Melbourne, Victoria, Australia. The schools referred to throughout the 
research have been given the pseudonyms: School A and B. As per the ethics requirements for 
the study, Plain Language Statements (PLS) and signed consent forms were collected from 
each Principal on behalf of their school, parents of students involved in individual interviews 
and teachers who volunteered to be part of the research (see Appendix A). The chapter will 
begin with an explanation of the process followed in Phase One. 
4.1 Phase One 
As described in Chapter Three: Section 3.2, the purpose of Phase One was to create Form A 
and B of the PVAT ready for piloting in Phase Two. Phase One involved a six step process to 
design, develop and field-test the PVAT. Step One (the creation of the test blueprint) and Step 
Two (the place value content analysis) were described and completed in Chapter Three (see 
Section 3.2.1 and 3.2.2). As such, this Section will begin with a description of the process 
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followed in Step Three (the development of PVAT items), Step Four (the field-testing of 
PVAT items), Step Five (the revision of PVAT field-test) and Step Six, the construction of 
Form A and B of the PVAT. These will be described in Sections 4.2 to 4.5. 
4.2 Step Three: Development of PVAT items 
As mentioned in Section 3.2.3, PVAT items were carefully designed through an iterative 
process which gave consideration to the content, construction, format and scoring of each 
item. In total 97 PVAT items were constructed for field-testing. 
The process to design each item was based primarily around the content that was to be 
assessed. The item content was taken directly from the HLTs developed for each of the seven 
aspects of place value (see Section 3.2.2 and Appendix G). Careful thought was given to the 
most appropriate stimulus and context that could be used to assess the relevant content. Text 
was carefully scripted and where necessary either Information or Contextual (Diezmann et al., 
2009) graphics were included (see Section 3.2.3). Figure 4.1 provides examples of PVAT 
items including an information and contextual graphic. 
 
 
Item A: Information Graphic Item B: Contextual Graphic 
Figure 4.1. Example of two PVAT items including graphics 
IMPLEMENTATION OF PHASE ONE AND TWO 
139 
In the examples above, the number line was included in Item A to provide students with the 
mathematical information they required to decode the stimulus. In contrast, Item B simply 
includes a photo of an airplane pilot to help illustrate the context used in the stimulus. Having 
decided upon an item’s stimulus through reference to other assessment examples, textbooks 
and personal experience, the most appropriate item format was then selected as described in 
Section 3.2.3. Table 4.1 provides a breakdown of the 97 PVAT items developed with an 
example to illustrate each format. 
Table 4.1. Breakdown of the PVAT field-test items by item format 
Item Format Number of items Sample Item 
Short Answer 89 
 
Multiple Choice 4 
 
Extended Response 4 
 
 
The Table above indicates that the majority of the PVAT items developed were short answer 
items. However, several multiple choice and extended response items were also prepared 
where appropriate (see Section 3.2.3). The final step in the development of each item was 
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choosing the most appropriate scoring method. Dichotomous scoring was used for short 
answer items and scoring rubrics were designed for partial credit items. Table 4.2 below 
shows a scoring rubric designed to address the best-answer type multiple choice item shown 
in Figure 4.2. Students who scored a ‘4’ were considered to display a much deeper 
understanding of the estimate aspect of place value than those who scored a ‘1’ or a ‘2’. 
 
Figure 4.2. Partial Credit PVAT item 
Table 4.2. Sample partial credit scoring rubric for item shown in Figure 4.2 
Score Code Criteria 
4 Selects D: The most accurate estimate of the distance around Australia 
3 Selects C: The second most accurate estimate of the distance around Australia 
2 Selects B: The second most inaccurate estimate of the distance around Australia 
1 Selects A: The most inaccurate estimate of the distance around Australia 
The item development process described above was followed until at least one item was 
designed for each stage within each of the seven HLTs. Table 4.3 below illustrates examples 
of the items designed to address a hypothesised low (stage 1 or 2), medium (stage 3) and high 
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(stage 4 or 5) for the make/represent HLT. In this table the items are placed alongside the 
content description they were developed to address. These descriptions are taken directly from 
the HLT shown in Chapter Three: Table 3.1. Examples of the items developed to address the 
other six HLTs can be found in Appendix L. In an important final step before field- testing, 
each item was discussed with the researcher’s supervisor and several other teaching 
colleagues. Minor revisions were made to items as a result of this “panelling” (Griffin, 2004, 
p. 471). 
Table 4.3. Examples of items designed to address the make/represent aspect in the PVAT 
Stage Item HLT reference 
Low 
 
Students are able to represent numbers using 
proportional representations such as base-ten blocks 
(Baroody, 1990). 
 
Medium 
 
Students are able to use materials and identify non-
canonical representations of numbers. For example, 5 
‘tens’ and 12 ‘ones’ represents ‘62’ (Ross, 1990; N. 
Thomas, 2004). 
High 
 
Students are able to use materials to represent numbers 
in multiple bases (Gagnon, 2012). 
4.3 Step Four: Field-testing of PVAT items 
As described in Section 3.2.4, Step Four involved the field-testing of items at School A. This 
school was selected as the researcher had taught there previously (as described in Chapter 
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One) and knew the Principal. School A, had 528 students and was located approximately ten 
kilometres north-west of Melbourne’s CBD. Approximately 20% of students at School A 
came from families with a language background other than English (Australian Curriculum 
Assessment and Reporting Authority, 2010). In 2010, the Year 3 and 5 students at the school 
were both performing above the average NAPLAN Numeracy scores of all Australian 
schools. They also had achieved scores ‘close to’ those from statistically similar 8 background 
schools (Australian Curriculum Assessment and Reporting Authority, 2010). Nothing was 
offered to the school to encourage their participation, however they were very keen to be 
involved in the research as they had been working hard to increase the profile of mathematics 
teaching and learning in their school community. As shown in the research plan described in 
Chapter Three, School A was also the location of the Phase Three trial of the PVAT in 2012. 
Sections 4.3.1 to 4.3.3 describe the student sample selected to be involved in the field-test, the 
procedure followed to administer the PVAT item field-test and, finally, a description of the 
student interviews. 
4.3.1 Student Sample 
In September 2010, Year 3 to 6 students from School A were selected to be involved in the 
PVAT field-test. The students were selected using a ‘criterion sampling’ method described in 
Section 3.2.4. As the Early Numeracy Interview (ENI) was the major place value assessment 
tool being used at the school, School A’s Numeracy Leader was able to use their most recent 
Growth Point (GP) data (from February 2010) to select 30 students who had achieved GP3 or 
above. While these data were almost eight months old when the field-test took place, students 
were not expected to have made substantial changes in their place value knowledge, thus 
these data were judged to provide a satisfactory approximation to the student’s Growth Point. 
The students were selected from four Year 3 to 6 classes (two Year 3/4 classes and two Year 
5/6 classes at the request of the Principal) and were approached to be part of the field-test in 
accordance with RMIT University Ethics Committee and the Catholic Education Office 
                                                 
8  Statistically similar schools are defined as schools who have students from similar socio-educational 
backgrounds, locations and/or have a similar proportion of Indigenous students or students with a 
background other than English (Australian Curriculum Assessment and Reporting Authority, 2010). 
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Melbourne ethics guidelines. Twenty-eight students were given parental consent to be 
involved. 
The 28 students (19 males and nine females) were from a relatively wide range of year levels 
and ability levels (as determined by GP data) and were considered to be a satisfactory sample 
for the field-test. Table 4.4 shows the profile of the students selected in the sample population. 
Table 4.4. Sample Group of students indicating their Year level, Growth Point and Gender 
Year Level Growth Point Male Female 
3 3 1 2 
4 2 0 
5 2 0 
4 3 3 1 
4 1 0 
5 2 1 
5 3 0 0 
4 0 1 
5 2 2 
6 3 0 1 
4 1 1 
5 5 0 
Total 19 9 
 
4.3.2 Administration of the PVAT Item Field-Test 
As described in Section 3.2.4, the field-test was conducted using the 97 PVAT items created 
to address the HLTs. Students were given 60 minutes to complete as many of the PVAT items 
as possible. As planned in Section 3.2.6, the items were presented to students in order of their 
anticipated difficulty. For example, Stage One items were all presented first, followed by the 
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Stage Two items and so on. Table 4.5 shows the number of field-test items that addressed 
each of the five HLT stages. 
Table 4.5. Breakdown of PVAT items by Stages 
Stage Number of items 
1 9 
2 8 
3 32 
4 33 
5 15 
Total 97 
 
After developing at least one item for each aspect at each stage, extra items were developed. 
As seen in the table above the majority of the extra items addressed Stage Three and Four. 
Although this contradicted the aim to have a rectangular distribution of items in the test (see 
Section 3.2.6), it was anticipated that a large proportion of Year 3 to 6 students would be 
working around Stage Three and Four. For this reason it was considered important to develop 
extra items at these stages to distinguish students’ achievement. As a consequence a 
rectangular distribution of items between Stage 3 and 4 was sought. Achieving a rectangular 
distribution of items across the logit range would still be an aim of the final test design 
process. 
As expected, considering the large number of items presented, most students—particularly 
those in Year 3/4—did not complete all of the items. Some of the more able Year 5 and 6 
students did complete all 97 items in the time provided. The researcher judged that Year 3 and 
4 students completed a sufficient number of items to indicate their achievement level, and that 
sufficient time was provided for all students. 
The field-test was presented to students in the form of a Microsoft PowerPoint presentation. 
This format was selected as the researcher was interested in seeing how computer-based 
assessment would be received by students (see Section 3.2.1). The PowerPoint format 
IMPLEMENTATION OF PHASE ONE AND TWO 
145 
required students to click through the items at their own pace on a computer and record their 
responses by hand on a separate answer sheet (see Appendix M). The field-test took place in 
the school library, as this was the only location with a pod of computers available. Three 
sittings were required as the library had only 12 computers available to be used at any one 
time. In order to ensure equity for all students, each sitting of the field-test was conducted 
from 9 to 10 am over three consecutive days (Klein, 2001). The students took part in one of 
the three sittings, depending on the most suitable day for their class teacher. In all three 
sittings, the field-test was conducted under ‘normal’ test conditions with the computers 
orientated so students could not look at the screen or view the answer sheets of other students. 
While the students completed the field-test, the researcher took note of the advantages and 
disadvantages of the computer-based mode of testing in order to determine if it would be an 
appropriate mode to use in Phase Two. While many students commented on how they 
enjoyed the computer-based format, the logistical challenges of managing even the relatively 
small field-test suggested this mode would be impractical for the large scale PVAT testing 
planned for Phase Two. Consequently, the researcher decided that the PVAT would be tried 
as a paper-and-pen test in Phase Two and Three. Finally, as described in Section 3.2.5, all 
student responses from the field-test were scored by the researcher and viewed in a Scalogram 
format (see Section 4.4.1). 
4.3.3 Student Interviews 
The research plan described in Section 3.2.4 suggested one interview would be conducted 
with each student in the sample group. However, the amount of time involved in gathering the 
information described was found to be excessive (Hunting, 1997). As such, two separate 
interviews were conducted with each student in the sample group. One interview focussed on 
the students’ responses to the PVAT items in the field-test. This interview was intended to 
gain qualitative insight into the approaches that students took to the PVAT items, whereas the 
other interview assessed the students’ place value knowledge using the two commonly used 
assessment tools described in Section 3.2.4. This Section will describe the procedure followed 
in each interview. 
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PVAT Item Field-Test Interviews 
These interviews were based around the questioning proposed in Section 3.2.4. The 
interviews took place in the week following their PVAT field-test to ensure the data were 
contemporaneous. Each interview took approximately 50 minutes. 
The approaches taken by students to each item provided important insights into the readability 
and potential areas of confusion that should be noted when items were revised. The Principal 
selected a quiet room close to the Year 3 to 6 classrooms for the interviews. This venue was 
somewhere familiar for students where they appeared to feel comfortable—an important 
consideration when conducting student interviews (A. Brown, 1992). 
Throughout the interview process, the difficulty associated with taking detailed notes while 
conducting student interviews became clear. While this was not considered to unduly hamper 
the results gathered, it did prompt the researcher to apply for a minor amendment to the ethics 
approval for future interviews in the project. This application was approved by the RMIT 
Committee Human Ethics Advisory Network (CHEAN) board (see Appendix A: Figure A.5) 
and, with parental permission, all further student interviews in Phase Two and Three were 
audio recorded. 
Place Value Knowledge Interview 
In the week following the PVAT item field-test interview, the researcher administered the 
Early Numeracy Interview (ENI) and the Level Two Assessment for Common 
Misunderstandings (AFCM) instrument to each student. This interview with both instruments 
took approximately 25 minutes per student. The complete interview script and recording 
sheets used during the interviews can be found in Appendices D and H. In accordance with 
the AFCM instructions, all students had the opportunity to attempt all tasks in Level Two 
(Tool 2.1 to Tool 2.4). Students were also given the opportunity to attempt all ENI items, 
despite the instrument instructions stating that the interview must be stopped when a student 
incorrectly answers an item. This alternate administration procedure was followed as a result 
of the review of the instrument conducted in Chapter Two: Section 2.6.1. This review noted 
the potential for incomplete indications of students place value knowledge to be gained by 
stopping the interview after one incorrect response. 
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4.4 Step Five: Revision of PVAT Field-test 
As proposed in Section 3.2.5, students’ responses to the PVAT field-test items were viewed in 
a Scalogram format. This formed the basis for item revision. Items that displayed unexpected 
behaviour were identified and revised. Section 4.4.1 explains the creation of a Scalogram, 
while Section 4.4.2 describes the revision of items that displayed unexpected behaviour. 
4.4.1 Scalogram 
Student responses to the field-test items were scored and entered into a spreadsheet. In the 
spreadsheet, students were ordered from most able (top) to least able (bottom) according to 
their total number of correct item responses. The items were then ordered from easiest (left) to 
most difficult (right) according to the total number of correct responses by students. Sorting 
the data in this way created a Scalogram (Guttman, 1944) as shown in Figure 4.3 below. 
 
Key: 
  No answer recorded 
  Incorrect answer 
  Correct answer 
  Items with all correct or all incorrect responses 
  Items with ‘unexpected behaviour’ 
Figure 4.3. PVAT Scalogram 
When investigating the patterns shown in this Scalogram it was noted that students’ achievement 
on the PVAT items differed from that suggested by the Growth Point data. In order to highlight 
this further Table 4.6 presents a comparison of the students PVAT raw scores and their Growth 
ID YearGP gender5 6 7 8 9 10 2 11 18 21 1 4 14 23 26 37 39 12 15 31 40 47 55 3 19 56 38 20 22 24 28 41 44 25 49 54 35 43 45 17 42 46 48 63 68 29 32 51 53 64 67 16 57 62 13 27 30 66 34 60 65 71 73 33 59 72 87 89 97 61 83 85 36 50 52 76 79 81 90 88 91 58 93 75 77 82 84 70 74 78 86 92 98 94 95 69 99 80 96
108 6 5 M x x x x x
100 6 5 M x x x x x x x x x x
107 6 5 M x x x x x x x x x x x x x
125 3 5 M x x x x x x x x x x x x x x x x x x x x x x x
103 6 3 F x x x x x x x x x x x x x x x x x x x x x x x x x x x x
106 5 5 M x x x x h x x x x x x x x x x x x x x x x x x x x x x x x x
101 5 4 F x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
110 5 5 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
104 5 4 F x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
105 5 5 F x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
120 4 3 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
126 3 5 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x h x x
122 4 5 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
109 6 5 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
112 6 4 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
123 3 4 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x h x x x x x
116 4 5 F x x x x x x x h x x h x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
111 6 4 F x x x x x x x x x h x x x x x x x x h x x x h x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
102 6 5 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
124 3 4 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
119 4 3 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
117 3 3 F x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
118 4 3 F x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
121 4 5 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
115 4 4 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
114 4 3 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
113 3 3 F n x x x n x x n x x x x x x x x n n x x n x x x x x x x x x x x n n x x x x x x x x n n x n x x x x n x x x x x x x x n x x x x x x x x x x x x x x x x x x x x x x x x x x
127 3 3 M x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
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Point (determined in the interview described in Section 4.3.3). The students are ordered 
according to their PVAT raw score and those highlighted are considered to have substantively 
different achievement on the PVAT items, compared to their Growth Point profile. 
Table 4.6. Comparison of students Growth Point profile and PVAT score (table ordered 
from highest to lowest PVAT raw score) 
Student ID Year Gender Growth Point PVAT raw score 
108 6 M 5 94 
100 6 M 5 89 
107 6 M 5 86 
125 3 M 5 76 
103 6 F 3 71 
106 5 M 5 70 
101 5 F 4 69 
110 5 M 5 66 
104 5 F 4 65 
105 5 F 5 65 
120 4 M 3 64 
126 3 M 5 63 
122 4 M 5 59 
109 6 M 5 58 
112 6 M 4 55 
123 3 M 4 52 
116 4 F 5 51 
111 6 F 4 50 
102 6 M 5 48 
124 3 M 4 43 
119 4 M 3 42 
117 3 F 3 39 
118 4 F 3 39 
121 4 M 5 39 
115 4 M 4 37 
114 4 M 3 29 
113 3 F 3 26 
127 3 M 3 11 
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The table above shows that several students who were assessed to be at Growth Point Five 
performed poorly on the PVAT, scoring between 39 and 51. In contrast, two students at 
Growth Point Three scored 64 and 71. While these results need to be treated with caution, as 
the PVAT items could have lacked internal consistency. They do, however lend support to the 
researcher’s anecdotal observations, noted in Chapter One, that the place value Growth Point 
data may be providing misleading information to teachers. Further exploration of this issue is 
presented in Chapter Six. 
4.4.2 Revision of items that displayed ‘unexpected behaviour’. 
Items with unexpected behaviour were highlighted in blue in the Scalogram. In all, 35 PVAT 
items were investigated. The revision process followed is illustrated for four annotated 
examples shown in Table 4.7. Note that this process was not used for items where every 
student was correct or where no student was correct. 
Table 4.7. Examples of PVAT items identified as displaying ‘unexpected behaviour’ 
PVAT Item Description of ‘unexpected behaviour’ 
 
This item was a modified version of the widely used 
Ross (1989) place value digit correspondence item. 
Ross administered this item to 30 Year 3 students. 
The original item was presented in an interview 
format and was modified to become a paper-and-pen 
PVAT item. In Ross’ trial almost 50% of students 
incorrectly answered her item. In the PVAT field-
test, 50% of students answered this item incorrectly. 
Yet, considering the item was correctly answered by 
the lowest scoring and several other low scoring 
students, and incorrectly answered by several high 
scoring students, the student response pattern was 
considered to be erratic. The student responses to this 
item noted in the interviews were carefully focussed 
on in order to determine if it was the wording, layout 
or content that was posing difficulties for students. 
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PVAT Item Description of ‘unexpected behaviour’ 
 
This item was correctly answered by several low 
scoring students and incorrectly answered by some 
higher scoring students. The interview responses 
were focussed on to determine if the strategies 
students were using to answer the item influenced 
their success. For example, where they simple using 
a rote learned rule such as ‘add a zero’ (Siemon et 
al., 2011, p. 306) or were they using a written 
algorithm? 
 
This item was incorrectly answered by an unexpected 
number of students with higher scores. As such, it 
was carefully focussed on in the student interviews to 
determine the strategies students used to answer the 
item. The readability of the stimulus was also 
considered. 
 
This item was based on the ‘disguised grouping’ 
work of Bednarz and Janvier (1982). It was 
incorrectly answered by several high scoring 
students, suggesting that the layout, text readability, 
context or quality of images may have been causing 
confusion for students. 
 
Items displaying unexpected behaviour were investigated using qualitative insights gathered 
from an analysis of the student interviews (see Section 4.3.3). Table 4.8 presents a sample of 
the qualitative insights (shown in red) gathered from the student interviews into the four items 
from Table 4.7, together with the interpretation of these insights and the revised items. 
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Table 4.8. Qualitative insights gained into the four PVAT items shown in Table 4.7 
Original field-test Item Format 
Interpretation of Qualitative 
Insights Revised Item Format 
 
‘What does ‘in green’ mean?’ 
‘I don’t understand what the 
‘2’ bit is’ 
It appeared the wording 
needed to be made clearer 
on this item 
 
 
 
‘I just added a zero on the end 
‘cause ‘tens’ mean 0’ 
‘You just add a ‘0’…I’m not 
sure why it works’ 
Students were using a rote 
learned rule to answer this 
item  
Item was placed in separate test with 
other ‘calculate’ items called the Pre-
PVAT (see Section 4.5.2) 
 
‘I wrote ‘200 yellow’, ‘40 
blue’ and ‘5 red’…but I don’t 
mean I need that many 
counters…could I draw 
them?’ 
The students who made 
pictorial representations of 
the counters answered 
correctly; therefore the 
stimulus was changed to 
include the prompt ‘Draw’.  
 
‘I don’t know what it’s asking 
me to do’ 
‘Which bit is the question?’ 
The formatting of this item 
caused issues for students. It 
was separated into two 
parts. One providing the 
stimulus and the other the 
question stem. Arrows were 
also included for clarity. 
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After revision of all 35 items the PVAT test papers were constructed. The process followed is 
described in Section 4.5. 
4.5 Step Six: Construction of Forms A and B of the PVAT 
As proposed in Section 3.2.6, Step Six involves the construction of Forms A and B of the 
PVAT. The process followed to construct the PVAT took into account: test length, test 
formatting, number of test forms, range of item difficulties and the order of items. 
4.5.1 Forms A and B 
In the field-test the average number of PVAT items completed by students in the allocated 60 
minutes was calculated to be 75 items. Thus a test length of approximately 60 items was 
considered appropriate for each form of the PVAT (estimated to take students around 50 
minutes). Out of the 97 items that had been field-tested, 87 were included in the pool to create 
the Forms A and B. In a departure from the intended plan, the remaining ten calculate items 
were used to create an additional test called the Pre-PVAT (see Section 4.5.2 for further 
discussion) 
The PVAT was formatted in the manner proposed in Section 3.2.6. As planned, two forms of 
the test were constructed. Form A had 55 items and Form B had 54 items. This included 22 
link items that were common to both forms of the test. The link items included at least one 
from each of the seven aspects of place value, identified in Chapter Two, and were not taken 
from the 35 items which underwent revisions in the field-test. The revised items were 
considered to be less dependable as they had displayed ‘unexpected behaviour’ in the field-
test and had not been tried in their ‘new’ form. In order to maintain consistency (Kolen & 
Brennan, 2004), the link items were presented in identical order in both forms, from least to 
most difficult (as determined by the HLTs and researcher judgement with the benefit of the 
apparent item difficulties determined from the field-test). The link items were located at the 
beginning of both forms (to ensure as many students as possible attempted these items) and 
were followed by the non-linking items allocated to each form, in order of apparent difficulty. 
When assembling the test forms, characteristics of items such as the item type and item 
stimulus were taken into account. This meant that both forms had two extended response 
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items and included similar numbers of items with graphical stimuli. The two forms of the test 
would not only allow all of the field-test items to be piloted simultaneously, it would also 
allow them to be placed on a common scale using Rasch analysis. Appendices N and O show 
the cover sheet designed for the PVAT and a sample page from the test. 
4.5.2 The Pre-PVAT 
In the PVAT field-test, students were noted to have common difficulties with items which 
addressed the calculate aspect of place value. In interviews, several students demonstrated 
how they used a time consuming (and often inaccurate) written algorithm to solve items like 
the one shown in Figure 4.4 below. Other students followed the rote-learned rule of “add a 
zero” (Siemon et al., 2011, p. 306). Students did not appear to be applying their place value 
knowledge in answering these items. 
 
Figure 4.4. Sample student response to PVAT ‘calculate’ item 
These observations led the researcher to explore the possibility of introducing a time 
restriction on the calculate items. The idea for this format was taken from the Individual 
Knowledge Assessment of Number (IKAN) tests developed by the New Zealand Ministry of 
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Education (2010). It was anticipated that limiting the time students had to answer the 
calculate items to eight seconds may differentiate between those students using algorithms, 
and those who applied their knowledge of place value and mental computation efficiently and 
flexibly to respond. While a written algorithm may be considered a valid method in some 
situations, relying solely on this method (for example in the case of 10 x 300) could indicate a 
lack of understanding in place value (Siemon et al., 2011). It was acknowledged that the Pre-
PVAT format would not prevent students using the rote-learned rule ‘add a zero’, but the test 
was nevertheless included in Pilot #1 to determine its potential to distinguish understanding in 
the calculate aspect. 
4.5.3 Construction of Pre-PVAT 
The Pre-PVAT was constructed from the ten calculate items which had been field-tested and 
a further nine new calculate items designed specifically for the Pre-PVAT. The 19 items were 
assembled from least to most difficult (according to the HLTs and the researchers’ judgement 
based on the field-test data). The Pre-PVAT was planned to be presented as a PowerPoint 
slideshow on the Interactive White Board in each classroom. Each item would be shown for 
eight seconds before the next item would automatically appear. This would ensure the test 
was administered consistently in each class. Students would be provided with an answer sheet 
to record their answers to each item. It was anticipated that the Pre-PVAT would take around 
three minutes and then students would complete either Form A or Form B of the PVAT in the 
manner described in Section 3.15.1. The success or otherwise of Pre-PVAT format would be 
judged at the completion of Pilot #1. 
4.6 Phase Two 
The following Section will describe the implementation of Phase Two of the research. As 
proposed in Section 3.3, Phase Two involved the piloting of the PVAT at a second Catholic 
Primary School in Melbourne, Victoria—School B. School B was a Catholic Primary School 
located within 15km of Melbourne’s CBD with an enrolment of 489 students. This school 
was chosen as it had a very different student population from School A. At School B, 84% of 
students came from families with a language background other than English. School B’s 
Numeracy average NAPLAN scores in Year 3 and 5 were ‘close to’ the average of all 
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Australian schools and ‘above’ the scores of schools with students of statistically similar 
backgrounds (ACARA, 2010). School B was very happy to participate in the research and 
asked for nothing in return. In accord with the proposed design for the trials, two pilots of the 
PVAT took place at School B: Pilot #1 and Pilot #2. Section 4.7 explains the implementation 
of Pilot #1, while Section 4.8 describes the implementation of Pilot #2. 
4.7 Pilot #1 
As proposed in Section 3.4, Pilot #1 involved the administration of PVAT Form A and B, 
student interviews and teacher survey, a Rasch analysis of the PVAT and revision and 
refinement of the PVAT ready for Pilot #2. Section 4.7.1 to Section 4.7.4 elaborates on the 
process followed. 
4.7.1 Administration of PVAT Form A and Form B 
In March 2011, all Year 3 to 6 students at School B (N = 273) completed Form A and B of the 
PVAT. School B was set up in multi-age classes with five Year 3/4 and five Year 5/6 groups. 
Teachers at School B asked that students record their date of birth (DOB) on the test papers to 
allow them be identified when they were presented to the school. Teachers had written test 
administration instructions (see Appendix E) and the researcher also spoke to each teacher 
personally before the testing period to address any questions or concerns. The researcher also 
moved between classrooms throughout the testing period to address any other problems 
encountered by teachers or students. 
Pre-marking each allocated cover sheet with the student’s gender (see Section 3.5) was 
helpful with teachers commenting on how organised and easy the PVAT was to administer. 
Surprisingly, however, a large number of students across all year levels had trouble accurately 
recording their DOB on the cover sheet. This led the researcher to record each student’s DOB 
personally on the cover sheets before Pilot #2. 
Pilot #1 began with the Pre-PVAT (see Section 4.5.2). All students completed the Pre-PVAT 
concurrently and were positioned to ensure they had a clear view of the Interactive White 
Board. The Pre-PVAT answer sheet was included as the first page of the PVAT test booklet 
and students were instructed to omit any items they could not answer in the time provided. 
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Once the Pre-PVAT was completed all students were instructed to turn to the next page of 
their test booklet and begin the PVAT—randomly allocated either Form A or Form B (see 
Section 3.5). Students were given 60 minutes to individually complete the PVAT. Table 4.9 
displays the number of male and female students in year level who completed Form A and B 
in Pilot #1. The comparable numbers of each gender completing Form A and B suggested that 
the random allocation sampling method was effective. 
Table 4.9. Numbers of students completing Form A and B in Pilot #1 
 Form A- Male Form A- Female Form B-Male Form B-Female 
Year 3 20 14 21 19 
Year 4 17 15 17 16 
Year 5 17 17 18 19 
Year 6 14 19 8 22 
Total 68 65 64 76 
 
4.7.2 Student Interviews and Teacher Survey 
A total of twenty-four students were approached to be involved in the student interviews in 
Pilot #1. Students were randomly selected from two Year 3/4 and two Year 5/6 classes at the 
request of the Principal, who wanted to minimise the number of classes interrupted by this 
process. Twenty students were given parental permission to be involved in the audio-recorded 
interviews. Table 4.10 shows the year level and gender of these students. 
Table 4.10. Students interviewed in Pilot #1 
Year Level Male Female 
Year 3 2 3 
Year 4 3 2 
Year 5 2 2 
Year 6 2 4 
Total 9 11 
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As proposed in Section 3.6 the interviews sought to gain an indication of the thinking and 
strategies the students used to respond to the PVAT items. The interviews took place in the 
two weeks following the administration of the Pilot #1 PVAT. Each interview involved took 
no longer than 60 minutes and all were conducted in the teacher resource workroom. This was 
not an ideal location for the interviews. On several occasions teachers needed to use the 
photocopier which was located in this room. These interruptions did not appear to distract 
students to a great extent but did make parts of the audio-recordings difficult to hear when 
analysed later. This caused small amounts of evidence gathered from the interviews to be 
unusable. This was judged to have a minimal effect on the overall data gathered from the 
interviews because the distraction was not systematic or regular. 
Data gathered about the PVAT in the student interviews was supplemented by evidence from 
a survey of teachers who administered the PVAT (see Appendix I). Seven of the ten teachers 
returned their survey and the other three teachers shared comments and/or thoughts verbally 
with the researcher. These insights provided invaluable qualitative feedback on several areas 
of the PVAT test. Several teachers noted items that commonly confused students. These items 
were noted and investigated to determine if these observations were consistent with the Rasch 
analysis data. All teachers commented on the comprehensive nature of the test, but shared 
concerns over the time it may take to score. 
Three Year 3/4 teachers commented that the timed Pre-PVAT test format was very 
challenging for their students. One commented that her students were very ‘stressed’ over this 
test and she thought it was an ‘inappropriate’ format. In contrast, three Year 5/6 teachers 
commented that the Pre-PVAT allowed them to see how heavily their students’ relied on the 
written algorithm and considered it a ‘very valuable test’. These mixed responses suggested 
the importance of carefully analysing the Pre-PVAT data using Rasch analysis and reviewing 
the quantitative and qualitative data before deciding on the worth of the test. 
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4.7.3 Rasch Analysis of PVAT Forms A and B 
Run A 
Run A included the 19 Pre-PVAT items and 22 PVAT link items that were common to both 
forms of the PVAT. Figure 4.5 is the item fit map produced in Run A. Items with a ‘p’ after 
their item code are Pre-PVAT items. 
 
Figure 4.5. Item fit map from Run A 
Items 10, 16 and 20 are outlying items on the right of the item fit map and 7p, 10p, 13p 
(among others) are outliers to the left. The process proposed in Section 3.7.1 was followed to 
remove the misfitting items in a systematic manner. Figure 4.6, shows the resulting item fit 
map which was used as the anchor file for Runs B and C. 
Item 10 
Item 16 
Item 20 
13p (1 245 x 100) 
10p (4 050 ÷ 10) 
Item 7p (360 ÷ 10) 
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It was noted that 15 out of 19 Pre-PVAT items fitted the model, suggesting that it is a test 
format worthy of further investigation, but the concerns noted by the Year 3/4 teachers were 
strong enough to suggest this format should not be repeated in Pilot #2 at School B. At this 
point in the research it was considered more important to ensure the project had the support of 
the teachers, rather than creating ill feeling through continuing to use the Pre-PVAT. 
Consequently, the Pre-PVAT items that did fit the model were included with the bank of 
items for Pilot #2. 
 
Figure 4.6. Item Fit Map at the completion of Run A 
Run B and Run C 
Having created an anchor file in Run A, the purpose of Run B and C was to determine the 
items that fit the model in each form and place all Pre-PVAT and Form A and Form B items 
on the same scale. It can be seen from Figure 4.7 that there was a bank of 55 items considered 
to fit the Rasch model. These items were used to create Form C and D for Pilot #2. 
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Figure 4.7. Item-person map for Run C 
4.7.4 Revision/Refinement of PVAT Items 
As proposed in Section 3.8, misfitting items from Run A, B and C were revised and refined 
(where possible). Appendix P provides a summary of the investigation into the 11 items found 
to misfit in Run A with associated comments addressing the possible reasons behind each 
item’s misfit. This analysis was used together with student responses gathered in the Pilot #1 
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interviews to decide if items were discarded or modified for use in Pilot #2. Table 4.11 
provides two examples of items that were revised following Pilot #1. 
Table 4.11. Two examples of revised items from Pilot #1 
Aspect Original Item Revised Item Description 
Make/ 
Represent 
 
 
This item was based on the idea 
of students applying their 
knowledge of base ten to other 
bases. The student interviews 
indicated that the format and 
context were both a problem for 
the original item. As such both 
of these were modified to make 
an easier item for students to 
access whilst still addressing a 
difficult concept. 
Compare/ 
Order 
 
 
This item was based on item 
‘17d’ in the Early Numeracy 
Interview (Department of 
Education and Early Childhood 
Development, 2011). This item 
is considered the most difficult 
in the ENI place value Section; 
therefore it was included in 
order to gauge how difficult it 
would be found by the students 
compared to the other PVAT 
items. The item had been 
included in the Pilot #1, 
however the presentation of the 
items was simplified for Pilot #2 
 
Run C produced an item-person map, which placed all of the surviving PVAT items on the 
same logit scale. This allowed the spread of item difficulty and student achievement to be 
compared. As described in Section 3.8.1, ‘gaps’ in the item-person map produced in Run C 
were identified. These ‘gaps’ indicated the difficulty thresholds where further PVAT items 
were required. These ‘gaps’ are highlighted on Figure 4.8. 
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Figure 4.8. Item-Person Map 
It was noted that most items needed to be designed in the ‘very difficult’ and ‘very easy’ logit 
range. In hindsight, selecting students at Growth Point Three or above to complete the PVAT 
field-test failed to provide information on how lower achieving students in Year 3 to 6 might 
be expected to handle PVAT items. This led to a notable absence of ‘easy’ items in Pilot #1. 
In order to fill the gaps, items hypothesised to be ‘easy’ and ‘difficult’ were designed for each 
of the seven aspects of place value. Information gathered during Pilot #1 was used to inform 
decisions about hypothesised difficulty of such items. Approximately 59 ‘new’ items were 
prepared for inclusion in Forms C and D in Pilot #2. Table 4.12 provides an example of four 
‘new’ items prepared for the lower end of the logit scale. 
Items need to be designed
to address these item
difficulty thresholds.
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Table 4.12. Four examples of new ‘easy’ items 
Place Value 
Aspect Item Description 
Name/Record 
 
This item was based on the relatively simple and 
commonly used format requiring students to simply 
record the number, given the number of units in each 
place value part. Ross (1989) states that items such 
as this can be correctly answered by students with 
the ‘face value misconception’ (see Section 2.6.2). 
To address this in part, the order that the place value 
parts were presented was swapped. That is, the 
‘ones’ were presented first, followed by the ‘tens’, in 
anticipation that some students would not pay 
attention to the composite units labels.  
Name/Record 
 
This item was designed to be relatively simple but, 
once again, it had a slight twist. Some students may 
not identify that the 1 ‘ten’ and 9 ‘ones’ is equivalent 
to 19 ones, and may look simply in the ones column 
and record ‘9’. 
Count 
 
Understanding the concept of ‘before’ and ‘after’ are 
crucial to students understanding of counting and the 
number system (Siemon et al., 2011). This item was 
included as ‘before’ and ‘after’ items had been used 
elsewhere in the PVAT, using larger numbers. When 
using large numbers it was difficult to determine if it 
was the magnitude of the numbers or the student’s 
understanding of the words ‘before’ and ‘after’ that 
was making the item difficult. An incident in one of 
the student interviews also suggested an item using 
smaller numbers in this style would be a valid 
inclusion to the PVAT. When answering ‘what 
number is after 64 399?’, a Year 4 student stated ‘I 
know this…just remind me, does ‘after’ mean 
bigger?’. Therefore, it was not the number that was 
causing the student problems; it was his 
understanding of the word ‘after’. 
Count 
 
Again, this item was included to assess students’ 
understanding of the word ‘after’. The number 79 
was selected as it required students to bridge over 
the decuple 80—something that has been found to be 
a difficulty for students (R. Wright et al., 2011).  
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While a fairly even spread of items from each aspect fit the model in Pilot #1, all estimate 
items were found to misfit the model. It was suspected that the estimate items were addressing 
constructs other than place value as many relied on other knowledge such as volume, length 
or money. As a consequence three new estimate items were prepared for Pilot #2. Table 4.13 
gives an example of one estimate item that did not fit the Rasch model and an example of a 
new item prepared for Pilot #2. 
Table 4.13. ‘New’ items to address the ‘estimate’ aspect of place value 
Original Estimate Item from Pilot#1 New Estimate Item 
 
 
This item relied upon students having an understanding or 
sense of the metre unit. 
This item involves students looking and 
estimating the number of dots in the square. 
They are arranged in a diagonal orientation so 
as to discourage students from counting. This 
is a ‘numerosity’ (Sowder, 1992a) style item. 
 
After the revision of ‘old’ items and the preparation of ‘new’ items was completed, Form C 
and Form D of the PVAT were created for Pilot #2. Form C had 62 items and Form D had 61 
items. Of these items 29 were link items, which had been validated in Pilot #1. Table 4.14 
provides an example of the content-threshold analysis table for the place value aspect count. 
This analysis was completed for each aspect of place value and was used to ensure that each 
form of the test included a comparable number of items from each aspect and each aspect 
involved a comparable number of new and link items. 
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Table 4.14. Count Content-Threshold analysis Table 
 Count Items Classification 
Threshold 
Value 
In both 
Forms? 
F
o
rm
 D
 
What number is ten more than 31? New  No 
Continue this pattern 37,47,57,67,__,__,__ New  No 
What number are we counting by in this pattern: 567, 777, 
887, 987, 1087, 1187 
New  No 
One hundred less than 3927 link -2.21 Yes 
Counting back by tens from 178 link -1.58 Yes 
One hundred less than 3027 link -.61 Yes 
Number just before 6380000 Supplementary 1.31 Yes 
F
o
rm
 C
 
What is the number before 56? New  No 
Number after 79 New  No 
Continue this pattern 19, 138, 257, 376, 495, 614, __, __, __ New  No 
What number is one thousand two hundred more than 99 865 New  No 
One hundred less than 3927 Link -2.21 Yes 
Counting back by tens from 178 Link -1.58 Yes 
One hundred less than 3027 Link -.61 Yes 
Number just before 6380000 Supplementary 1.31 Yes 
 
4.8 Pilot #2 
As proposed in Section 3.9, Pilot #2 involved the administration of PVAT Forms C and D, 
student interviews and teacher survey, a Rasch analysis of the PVAT, a Teacher Focus Group 
meeting and the revision and refinement of the PVAT ready for Phase Three. Sections 4.8 to 
4.12 document the process followed in Pilot #2. 
4.8.1 Administration of Form C and D and Student Interviews and Teacher Survey 
In June 2012, 15 months after Pilot #1 took place, Forms C and D were administered to all the 
students in Year 3 to 6 (N = 266) at School B. The same test administration protocol was 
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followed as for Pilot #1, but the Pre-PVAT test was not used. Table 4.15 shows the number of 
students who completed each form of the test. 
Table 4.15. Numbers of students completing Form C and D in Pilot #2 
 Form C, Male Form C, Female Form D, Male Form D, Female 
Year 3 15 17 16 16 
Year 4 19 17 22 16 
Year 5 15 16 17 13 
Year 6 17 19 12 19 
Total 66 69 67 64 
 
Again, relatively comparable numbers of male and female students within each year level 
completing each test form provided assurance that the random sampling method was 
effective. As in Pilot #1, all teachers who administered the test were asked to fill in feedback 
sheets (see Appendix I). These were completed and returned by eight teachers. Twenty-four 
students from four Year 3 to 6 classes were approached to be interviewed by the researcher. 
By chance, these were all different students to those interviewed during Pilot #1. Parental 
consent was obtained for nine students. Table 4.16 below shows the breakdown of students 
who were interviewed. The interviews took place in a small interview room in the newly 
renovated school office. This location was quiet and had very few distractions for students. 
The interviews took between 40 and 60 minutes and were audio-recorded. 
Table 4.16. Students involved in Pilot #2 interview 
Year Level Male Female 
Year 3 0 2 
Year 4 1 1 
Year 5 1 1 
Year 6 1 2 
Total 3 6 
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4.9 Rasch Analysis of PVAT 
Run C1 and D1 used the anchor file created in Pilot #1 to analyse the items from Form C and 
Form D of the PVAT respectively. The item-person map shows the items that fit the Rasch 
model in these Runs (See Figures 4.9 and 4.10). 
 
Figure 4.9. Item-person map for Run C1 
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Figure 4.10. Item-person map for Run D1 
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Both forms of the PVAT included items with the range of item difficulties comparable with 
the range of student achievement. This suggests that the items are generally at an appropriate 
difficulty level for the sample population. However, although the items of both Form C and D 
span approximately nine logit units, it can be seen that there are many closely packed items 
between ‘+1’ and ‘-1’ logits. The clumping of items suggests that some are “psychometrically 
redundant” (Bond & Fox, 2007, p. 66), meaning they are addressing very similar skills to the 
items close to them. Therefore, in the final forms of the PVAT, not all these items were 
required. 
Once again, both item-person maps suggest that there is a lack of information about high-
achieving students. Several students have achievement levels above the most difficult PVAT 
items, making it very difficult to locate their achievement level more accurately or to 
distinguish between them (Izard, 2006). These students are considered to have reached the 
ceiling of the current PVAT. As mentioned in the test blueprint (see Section 3.2.1) this was to 
be anticipated considering the seemingly finite nature of whole number place value 
knowledge, however further items needed to be designed to address the upper achievement 
levels where possible. 
4.9.1 Run C1 and D1: Item Reliability Estimates 
The mean of item estimates on Form C (see Figure 4.11) is located at -0.35, which is close to 
the expected value of 0. The reliability of the item estimates is 0.99 (very close to the ideal of 
‘1’, discussed in 3.11.1) and as such Form C appears to be a highly reliable and internally 
consistent test. Similarly, it can be seen that the mean of item estimates on Form D is located 
at -0.48, which is close to the expected value of 0 (See Figure 4.11). While the reliability of 
the item estimates of Form D is 0.98 (very close to 1), as such Form D also appears to be a 
highly reliable and internally consistent test. The item means of both tests were not at the 
default value of 0 because the tests were anchored. Furthermore, given that both Form C and 
D include data from a wide range of year levels, it must be noted that if the tests were 
administered to a single year-level cohort the reliability and internal consistency may not be 
as high (R. Thorndike & Thorndike-Christ, 1997). This is an important consideration when 
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looking at the item reliability estimates of Final Forms A and B in Phase Three of the 
research. 
 
  
Form C item estimate statistics Form D item estimate statistics 
Figure 4.11. Form C and D Item Estimate statistics 
4.9.2 Run C1 and D1: Person Reliability Estimates 
The overall summary of case estimates for Form C show the mean is 0.16 (see Figure 4.12), 
close to the expected value of 0 (see Section 3.11.2), suggesting that the test is closely matched 
to the sample of students. The case reliability (0.95) is slightly lower than the item reliability 
seen in Figure 4.11 (0.99), however both are very close to the ideal of ‘1’. Similarly, looking at 
the overall summary of case estimates in Form D in Figure 4.12 we can see the mean is 0.47 
(close to the expected ‘0’). Again, the case reliability (0.93) is slightly lower than the item 
reliability (0.98) noted above, however, both are considered to be very close to the ideal of ‘1’. 
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Form C case estimate statistics Form D case estimate statistics 
Figure 4.12. Form C and D case estimate statistics 
In summary, the Rasch analyses of Forms C and D produced psychometric evidence that the 
items within each test work well together and represent one underlying construct. It is 
considered reasonable to conclude that both tests are worthy of further refinement for final 
trial at School A. 
4.10 Teacher Focus Group Meeting 
Early in Term Three, 2012 (approximately three weeks after Pilot #2 was conducted) a 
Teacher Focus Group meeting was facilitated by the researcher at School B. Initially the 
meeting was intended for the Year 3 to 6 teachers at the school as these were the classes 
involved in the PVAT Pilots. However, the Year 1 and 2 teachers were interested in hearing 
about the PVAT and asked if they could also attend. On reflection, it was valuable to have the 
Year 1 and 2 teachers involved in the meeting as they provided a different perspective and 
allowed a whole school discussion on place value teaching and learning to occur. Many 
teachers, including the school’s Mathematics Leader, commented how powerful and 
enlightening the discussion was. The activities described in Section 3.12, including 
‘examining the PVAT items’, ‘classify and sort’ and the ‘PVAT student data’ were all 
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completed successfully by teachers and eight out of fourteen (F= 100%9) teachers completed 
the Positive, Negative, Interesting (PNI) feedback sheets provided to them (see Appendix K). 
The main purpose of this meeting was to review the format of the session before it was 
conducted at School A in Phase Three. The insights gathered from the teacher feedback sheets 
coupled with the observations of the researcher meant that several changes were made to the 
design of the meeting conducted in Phase Three. For example, it was decided that the Year 1 
and 2 teachers at School A should be invited to the meeting and some of activities needed to 
be modified to ensure the timeliness of the meeting. Also presenting the student PVAT results 
as Rasch scaled scores (measured in logits) was found to be quite confusing for teachers, as 
negative and positive values were involved. As such, when the meeting was conducted in 
Phase Three the results were presented in a more ‘teacher-friendly’ format. This was achieved 
by applying the following formula: ‘2(scaled score +5)’. This formula ensured all students 
PVAT scores were positive values. Finally, a major theme was identified in the teacher 
feedback sheets: All eight teachers identified the time the PVAT would take to score as a 
negative factor associated with the use of such a test in the classroom. As one of the major 
intentions of the PVAT was to produce a practical and user-friendly assessment for teachers, 
this feedback was considered critical. Therefore, despite not being part of the original 
methodological plan for the project, the possibility of creating an online version of the PVAT 
was investigated (this is explained in Section 4.13). 
4.11 Revision/Refinement of PVAT 
In the original research design it was anticipated that by this point in the research the test 
forms would be relatively stable, with very few new items or revisions required. However, as 
shown in Section 4.9, there were still a few gaps in the item-person map for Form C and D 
that needed to be addressed. All items that had previously been revised and still did not fit the 
model were considered too unreliable to be further refined. These items were omitted and 
‘new’ items were designed in their place. The process to design ‘new’ items was centred on 
the spread of item difficulties within each aspect of place value. Scatterplots of each aspect 
                                                 
9  All Year 3 to 6 teachers at school B were female 
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were created and an analysis of these led to the systematic design of ‘new’ items. This process 
is further detailed below. 
4.11.1 Scatterplots 
All items which fit the Rasch model in Pilot #2 were sorted by the aspect of place value they 
addressed and placed in tables ordered from least to most difficult (see Appendix Q). From 
these tables, scatterplots were constructed to provide a visual perspective of the item spread 
within each aspect. Each scatterplot was considered to be an approximation to the Item 
Characteristic Curve for that aspect of place value (Smith & Smith, 2004). Figure 4.13 below 
shows the scatterplot created for the name/record aspect of place value. 
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Figure 4.13. Scatterplot for ‘name/record’ items 
From the scatterplot it is evident that the range of name/record item difficulties is between -
5.53 to 2.25 logits, while the range of all PVAT items is -5.8 to 3.94 logits. As such, 
name/record is seen to have a satisfactory number of items (6A and 5B) at the lower end of 
the PVAT difficulty scale (below -3 logits). However, as the most difficult name/record item 
(54A) only has a threshold of 2.25 logits, it was observed that examples of ‘hard’ 
name/record items were required to increase the range of this aspect. The scatterplot analysis 
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was conducted for the seven aspects of place value to identify the relative difficulty of ‘new’ 
items required in each aspect (See Appendix R). 
4.11.2 Designing ‘new’ Items to Address the Scatterplots 
Although it was difficult to predict the exact difficulty of a ‘new’ item using the quantitative 
and qualitative data gathered in Pilot #1 and Pilot #2 it was possible to be more confident 
when estimating their hypothesised difficulty. Using the information gathered from the 
scatterplots ‘new’ items were designed. In designing the new items, there appeared to be a 
ceiling or floor to the level of difficulty that was possible within some aspects. This was 
particularly true for the name/record and rename aspects. The name/record aspect mostly 
involved students reading and writing numbers: It appeared the only way to make this more 
challenging was to increase the size of the numbers. For example, ‘write in numbers: three 
million, one hundred thousand and seventy-five’. It was anticipated that students may reach a 
level where their knowledge of reading and writing numbers was generalised, thus making it 
impossible to create ‘harder’ items in this aspect. Similarly, in the rename aspect it appeared 
difficult to design ‘easy’ items as students required a minimum understanding of composite 
units to engage in these items. Nonetheless, 15 ‘new’ items across various aspects were 
designed for the final forms of the PVAT. 
4.12 Construction of Final Forms of PVAT 
The last step in the revision and refinement of the Pilot #2 PVAT tests was to construct the 
Final Forms of the test ready for trial in Phase Three. In accordance with the research design 
proposed in Section 3.13, several analyses took place in order to ensure that Final Forms A 
and B were comparable. These included an analysis of the item difficulty, the item content and 
type, the rectangular distribution of test forms and the mean difficulty of test forms. Each 
analysis is described in Sections 4.12.1 to 4.12.4. 
4.12.1 Item Difficulty 
As described in Section 4.11.1, the scatterplots created for each aspect of place value were 
looked at in detail to determine the approximate difficulty threshold required of ‘new’ items. 
The scatterplots also allowed the researcher to determine which items were to be omitted 
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because of redundancy. Items were considered redundant if there was an abundance of items 
at a particular difficulty threshold. In the name/record aspect scatterplot shown above it was 
noted that the majority of items (14 out of 21) were located in the logit range from 0 to 1.5 
(shown in blue rectangle). Not all these items were required. 
To keep track of this process an item difficulty table was created for each aspect. Table 4.17 
shows the item difficulty table for the name/record aspect of place value. 
Table 4.17. Item difficulty table for the ‘name/record’ aspect of place value 
Item 
number 
Item 
Difficulty 
Threshold Status Form Item 
6A -5.53 Retained Link write in words 17 
5B -3.46 Retained Link write in numbers seventy five 
7B -2.31 Retained Link how many tens in 89 
14B -1.89 Retained Link how many tens in one hundred 
30A -0.99 Retained Link 30+200+40000 
34A -0.35 Retained Link write in words 54087 
28a0 0.37 Retained Unique-B write in numbers : four hundred thousand and seventy three 
52b0 0.42 Retained Unique-B place value chart 1 ten 13 ones 
39A 0.46 Retained Unique-A write in numbers: 3,100,075 
34B 0.79 Retained Unique-B round 3798 to nearest 1000 
50A 0.88 Retained Unique-A round 5983 to the nearest 1000 
32bo 1.01 Retained Unique-A how many thousands in 324567 
9B 1.12 Deleted  how many ones in 17 
33B 1.27 Retained Unique-B round 3798 to nearest 100 
48A 1.29 Retained Unique-A round 4567 to nearest 100 
49B 1.32 Deleted  round 1 613243 to million 
32B 1.37 Retained Unique-B round 3798 to nearest ten 
49b0 1.38 Retained Link what does the 2 represent in 251400 
49A 1.5 Retained Unique-A round 6796 to nearest 10 
40ao 1.53 Retained Unique-B how many tens in 387 
54A 2.25 Retained Unique-A how many hundreds in 6598 
71B Unknown New Unique-B Concept Cartoon- 6598 
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In the table above items were classified as being new, omitted or retained. New items were 
those designed to fill gaps in item difficulty levels, omitted items were removed as they were 
considered redundant (see Item 9A) and retained items were those considered appropriate for 
use in Final Forms A and/or B. 
Items used in both Final Forms A and B were considered link items. As items at the extremes 
(high and low difficulty) were rarer, many of these items were required to be included as link 
items. This allowed an even spread of item difficulties across the whole continuum. Other highly 
reliable items from the mid difficulty logits (close to 0 logits) were also selected to be link items. 
The link items were then used as anchor items when analysing the tests.     
Unique items were used in either Final Forms A or B. Wherever possible, unique items were 
attempted to be matched with like difficulty/like skill items, with one included in Final Form A, 
the other in Final Form B (see item 34B and 50A, which both assessed the skill of ‘rounding’ 
highlighted in red). The unique items were generally from the mid-difficulty range, as there was 
an abundance of items at these logits. The purpose of this analysis was to ensure that within each 
aspect there was an even spread of item difficulties in both Final Forms A and B. 
4.12.2 Item Content and Item Type 
Next, the content of the items selected to be included in Final Form A and B was analysed. The 
purpose of this analysis was to ensure each aspect was equally represented on both forms of the 
PVAT. Final Form A was made up of 66 items, while Final Form B had 67 items. Table 4.18 
shows the number of items in each aspect of place value and the test form they are located in. 
Table 4.18. Number of Items in each aspect of place value. 
Aspect Link items Form A only Form B only Total 
Count 6 3 4 13 
compare/order 7 3 3 13 
Calculate 9 3 3 15 
Estimate 3 0 0 3 
name/record 6 5 5 16 
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Rename 4 6 7 17 
Make 6 5 4 15 
Total 41 25 26  
The table above shows that there is a relatively even spread of items across the aspects, with 
the exception of the estimate aspect. As was the case in Pilot #1 (see Section 4.7.4), no 
estimate items survived Pilot #2. Three new estimate items were included in the final forms in 
order to assess the performance of students at School A. If these items did not fit the model, 
this would be considered evidence to indicate that estimate did not address the construct of 
place value. It should be noted that over 60% of the items in each form were link items—this 
was in accordance with the recommendations by Angoff (1971) and Kolen and Brennan 
(2004) referred to in Section 3.13. It was also considered important to look at the type of items 
included in each form. Table 4.19 summarises these data. 
Table 4.19. Type of items included in Final Forms A and B 
Item Type Final Form A Final Form B 
Short Answer 63 64 
MC 1 1 
Extended Response 2 2 
 
It can be seen that both forms have a similar numbers of each item type suggesting Final 
Forms A and B are constructed in a similar way. 
4.12.3 Rectangular Distribution of Test Forms 
In order to determine whether each test form had a rectangular distribution—that is, whether 
both had a similar range of item difficulties (Izard, 2006; Izard et al., 1982)—an analysis of 
the number of items present in each logit (according to their Pilot #2 item difficulty 
thresholds) was conducted. The results are presented in Table 4.20. 
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Table 4.20. Attempted Rectangular Distribution of Final Forms A and B items. 
 Number of Items 
Logit Final Form A Final Form B 
4 2 (All link) 2 (All link) 
3 6 (4 link) 6 (4 link) 
2 12 (3 link) 12 (3 link) 
1 10 (3 link) 10 (3 link) 
0 7 (5 link) 7 (5 link) 
-1 8 (4 link) 8 (4 link) 
-2 7 (4 link) 7 (4 link) 
-3 5 (All link) 7 (All link) 
-4 2(All link) 2(All link) 
-5 2 (All link) 2 (All link) 
 
It can be seen that the available items did not have a rectangular distribution across all logits. 
This was due to the fact that as described in Section 4.3.2, there was more items constructed 
for the mid-difficulty range, meaning there were less items available at the extremes. Despite 
this it can be seen that where possible a rectangular distribution of link items was sought. 
However again this was not possible at all logits.  
It is important to note that the number of items at each logit in Form A was equal to the 
number of items in each logit in Form B. This further ensures the comparability of the two 
forms. 
4.12.4 Mean Difficulty of Test Forms 
Finally, the Mean and Standard Deviation of the item difficulties selected to be on each test 
form was calculated. The purpose of this analysis was to determine the Effect Size or magnitude 
of the difference between the difficulties of the two tests. Table 4.21 summarises these data. It 
should be noted that these calculations do not take into account the ‘new’ items that have been 
included in each form. Without trial the item difficulties of the ‘new’ items are unknown. 
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Table 4.21. Mean difficulty and Standard Deviation for Final Forms A and B 
 Mean Logit Difficulty (M) Standard Deviation (SD) 
Link items -0.97 2.55 
Final Form A items only 0.27 1.39 
Final Form B items only 0.31 1.48 
Using the data above the Effect Size difference between Final Forms A and B was calculated 
to be -0.03.  
Izard (2004) notes that this value is in the ‘very small’ range of Effect Size magnitudes. Thus 
the tests appear to be of comparable difficulty. Considering these results and the results of the 
other analyses conducted in this Section, Final Forms A and B were considered comparable 
forms of the PVAT that were ready for trial at School A (see Appendix AS). The trial of Final 
Forms A and B is described in detail in Chapter Five. 
4.13 The Inclusion of Phase Two (a) 
At this point in the research it was considered important to make a large alteration to the 
research design outlined in Chapter Three. During Phase One and Two it became apparent 
that a necessary part of developing the PVAT was to investigate the most efficient and 
effective delivery platform for the assessment. In the field-test students displayed an interest 
in having the PVAT items presented on the computer, despite having to record the answers on 
paper (see Section 4.3.2). While in the Teacher Focus Group in Pilot #2 it was noted that the 
teachers saw the value in the PVAT but expressed concern over the time it would take to 
score and interpret. These observations led to the inclusion of Phase Two (a) in the project. 
Phase Two (a) involved the creation and trial of an online version of the PVAT called the 
PVAT-O (Place Value Assessment Tool: Online). The purpose of this test was to provide 
teachers with a comparable computer-based alternative to the PVAT. This phase was designed 
to investigate the following research questions: 
Can a comparable online version of the Place Value Assessment Tool (PVAT) be created and 
validated? 
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1 To what extent can PVAT-O users be supported by the audio assist feature? 
2 What is the affective influence of mode preference on teachers’ and students’ opinions of 
the PVAT-O? 
The flow chart in Figure 4.14 summarises the five steps planned for Phase Two (a). Sections 
4.14 to 4.18 explain the plan for each step in detail, while the implementation of the phase 
will be described in Chapter Five. 
 
Figure 4.14. Process of research followed in Phase Two (a) 
4.14 Step One: Creation of PVAT-O Test Blueprint 
The PVAT-O is intended to be comparable to the PVAT in almost every way. As such the test 
blueprint developed in Section 3.2.1 will remain largely the same for the PVAT-O. For 
example, the test population will remain Year 3 to 6 students and the content and items 
included will be identical. However, there are several test design elements that are specific to 
the PVAT-O mode, thus a test blueprint for the PVAT-O was developed. The following 
aspects of the blueprint are described in detail below: test objectives, test administration and 
test evaluation. 
Step Five: Rasch analysis
Step Four: Student and Teacher Survey
Step Three: Trial of PVAT-O
Step Two: Design and Creation of the PVAT-O
Step One: Creation of PVAT-O Test Blueprint
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Test Objectives 
The purpose of the PVAT-O is to create a test that is identical to the PVAT but uses a 
computer rather than paper to display items and collect responses. It is anticipated that this 
mode of delivery will provide teachers with the time-saving feature of immediate feedback 
(Csapo et al., 2012) and allow them the flexibility to select the mode that best suits their 
classroom situation and assessment needs. The PVAT-O aims to provide students with a 
simple, concise and user-friendly online assessment, which wherever possible remains 
consistent with the content and structure of the original PVAT test. If the online and paper-
and-pen modes of the PVAT are comparable in difficulty and student achievement, the tests 
will be considered to address the same construct and will be interchangeable. Thus the 
objective of the test is to develop an internally consistent, comparable computer-based 
alternative to the PVAT. 
Test Administration 
The PVAT-O will be administered in a location that enables each test candidate to have 
access to a computer. The computers will need to have a reliable connection to the Internet in 
order to support the PVAT-O interface (Csapo et al., 2012). The PVAT-O will be completed 
under normal test conditions to ensure the results obtained are valid. To enable this, students 
will be seated where they cannot see other students’ computer screens and the test will be 
conducted in silence. 
The PVAT-O assessment will be a simple interface to allow Year 3 to 6 students to easily 
navigate and to support teachers to feel confident administering the test (A. Jones & Truran, 
2011). There will be one item presented per screen. The layout and format of each item will 
be consistent so it is clear to students where the answer needs to be recorded and where the 
navigation buttons are located. Keeping the design simple is considered important to avoid 
students being confused or distracted by the test mode (Csapo et al., 2012). To begin the 
PVAT-O all students will be required to log onto a secure website and enter their details on a 
login page (not including their name). These details will be uploaded to a database and stored 
for later retrieval by teachers and test administrators. The test will include a screen that will 
provide brief instructions to students on how to navigate their way through the test. The test 
will take approximately 50 minutes. 
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Test Evaluation 
The PVAT-O test responses will be uploaded and instantaneously coded and scored by the 
website’s database. Student responses will be coded according to the same scoring rubric used 
in the PVAT version of the test. To ensure the scoring system is kept simple, partial credit 
items will not be included in the PVAT-O trial. Correct answers will be coded by the database 
as ‘1,’ incorrect answers ‘0’ and a non-response coded as ‘9’. In designing the PVAT-O 
scoring system, wherever possible the same allowances will be made for responses in both 
modes. For example, recording numbers in different ways such as: ‘2340’ or ‘2,340’ or ‘2 
340’ will be acceptable. It is anticipated that some inaccuracies in item scoring will occur due 
to the newness of the PVAT-O system, and therefore the researcher will manually check 
every database-marked response. 
4.15 Step Two: Design and Creation of the PVAT-O 
The test blueprint will be used to inform design and creation of the PVAT-O. All aspects of 
the design of the PVAT-O will be completed by the researcher. However, a computer 
programmer will be employed to assist with the technical aspects of the creation and coding 
of the website. The following Section documents the item development, and test construction 
procedure that will be followed in the PVAT-O. 
4.15.1 Item Development 
Using the quantitative Rasch data collected during Pilot #2, a collection of approximately 70 
dichotomously scored items that fit the Rasch model will be selected for inclusion in the 
PVAT-O trial. The items will be taken from both Form C and D. These items will be carefully 
selected to ensure that they address each of the seven aspects of place value and include a 
range of item difficulties within each aspect. Four practice items will also be designed for the 
PVAT and PVAT-O. The practice items will be included to introduce students to the format 
and navigation of the test (Schmeiser & Welch, 2006) 
The content and format of each PVAT-O will be as close as possible to the PVAT items. 
However, it is anticipated that the presentation of several items will need to be modified in the 
Computer Based Assessment (CBA) platform. Lowrie and Diezmann’s (2009) work with 
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graphical representations in paper-and-pen assessment highlighted how “an element of a 
graphic could influence a child’s ability to decode information” (p. 19). Therefore it is 
important to be aware of the possible influence computer-based features used in the PVAT-O 
may have on the construct-irrelevant variance noted in items. Several features will be 
included in PVAT-O items, these include images, drag and drop and audio assist. The 
possible implications of using these computer-based features are explored below: 
Images 
Images used in the PVAT-O will be identical to those used in the PVAT, however the 
computer platform means they will be presented in colour and appear larger on the screen. 
Csapo et al. (2012) describe images in the CBA mode as “dynamic stimuli” (p. 149) as their 
appearance often differs significantly from paper-and-pen versions. This may influence the 
success of items involving images in each mode. 
Drag and Drop 
Figure 4.15 shows a compare/order item that requires students to manually number the 
relevant boxes. In the PVAT-O version of this item a drag and drop feature will be used. The 
drag and drop feature requires students to click on a number block, drag it across to the 
appropriate virtual position (indicated by an empty box) and drop it into position. The number 
block will then remain in the virtual position while the student repeats the procedure with the 
other number blocks. All the number blocks will need to be moved for the item to be 
considered complete by the PVAT-O database. The drag and drop action may be difficult for 
students who are unfamiliar with this skill. As such, a practice item using this feature will be 
included at the beginning of the test. 
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Figure 4.15. Paper-and-pen version of a compare/order item 
Audio Assist 
Another major difference between the PVAT and PVAT-O items will be the inclusion of an 
audio assist button on every PVAT-O item. The audio assist feature will be included to 
provide assistance to those students struggling with the reading requirements of PVAT-O 
items. As part of the PVAT test administration instructions teachers were permitted to read 
the item to students if required. Therefore including the audio assist button on the PVAT-O is 
considered a parallel form of this read-aloud assistance. Research has noted that this type of 
assistance has not been found to influence the construct measured by paper-and-pen tests 
(Bielinski et al., 2001), suggesting its influence in the CBA domain is worthy of investigation. 
4.15.2 Test Construction 
In Phase Two (a) two test papers will be constructed. One will be the paper-and-pen PVAT 
and the other will be the PVAT-O test. Exactly the same items will be used in both the PVAT 
and PVAT-O test papers and the items will be presented in the same order in both modes to 
students (Kolen & Brennan, 2004). In seeking ideas and direction for the construction of the 
PVAT-O, several online assessment tools used in Victorian schools were observed. These 
include: Specific Mathematics Assessment that Reveal Thinking (SMART tests) (University of 
Melbourne, 2012), On Demand testing (Victorian Curriculum and Assessment Authority, 
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2006) and the online Progressive Achievement Tests in Mathematics Plus (PATMaths Plus) 
(Australian Council for Educational Research, 2012). 
The PVAT-O will be designed to be a basic linear test, meaning every student will be 
presented with the same items in the same order (Davey & Pitoniak, 2006). Students will be 
provided with two navigation buttons on every screen a ‘back’ and ‘next’ button, which will 
allow them to move forward or backwards one item at a time. At any time students will be 
able to choose to move to the next item if they are unable to answer an item. However, to 
avoid students inadvertently omitting responses, they will be prompted to confirm their 
actions before moving on. This feature was noted in the On Demand testing (Victorian 
Curriculum and Assessment Authority, 2006) assessment. 
Research has shown that when students are not permitted to review or change their answers 
they often feel restricted and anxious (Pommerich & Burden, 2000; Wise, 1996). For this 
reason, the PVAT-O will be designed to allow students at any time to revise or change their 
responses. The PVAT-O will also include a Summary Page, which students will see after 
completing the test. The summary page will list all the items in the PVAT-O and categorise 
them as ‘answered’ or ‘not answered’. This page will allow students to easily return to any 
item in the test they may have missed by clicking on the hyperlinks provided on the summary 
page. This is considered an efficient and effective way for students to review their answers at 
the completion of the test. 
Research has also noted a level of panic amongst students who are not in control of 
submitting their own responses to a computer-based assessment (Drasgow, Luecht, & 
Bennett, 2006). Students may believe that the computer has ‘lost’ their data and feel quite 
anxious about the process. In order to address this concern, the students will be put in control 
of submitting their own responses by clicking on a ‘finish and submit button’. In order to 
confirm for students that their data is safe, a screen confirming that their data has been 
uploaded will also be included. It is anticipated that these design features will make the 
submission of data a more transparent process for students and test administrators. 
After the test and website are constructed a website checklist will be completed by the 
researcher. Gremillion (2010) recommends use of a checklist to allow a systematic approach 
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to be taken to ensuring important details of a websites’ functionality are addressed before it is 
used by a wider population. Any issues that arise from the checklist will be addressed before 
the test is trialled. 
The final step in the construction of the PVAT-O will involve a small field-test. This will aim 
to determine if the PVAT-O can be successfully navigated by a sample of Year 3 to 6 
students. The field-test will take place at School A with 3 to 5 students. As the students 
complete the PVAT-O, the researcher will note any technical or content issues encountered by 
the students. Once again, these issues will be addressed in preparation for the trial of the 
PVAT-O. 
4.16 Step Three: Trial of PVAT-O 
A third Catholic Primary school in metropolitan Melbourne, Victoria, Australia, will be 
approached to be involved in the PVAT-O trial. This school will be known as School C. 
School C will require an appropriate location and sufficient computer facilities to successfully 
accommodate the trial. As such, a short audit of the school’s computer facilities will take place 
before the trial is conducted. The purpose of the PVAT-O trial will be to gather quantitative 
data in order to determine if the PVAT-O and PVAT are comparable versions of the same test. 
The trials will be undertaken using a counterbalanced measures design (Shuttleworth, 2009). 
Depending on the equipment and locations available at School C, half of students in each 
class (randomly selected) will complete the PVAT-O, while the other half of the class will 
complete the paper-and-pen PVAT. Exactly one week later—that is, on the same day and in 
the same time block—students will complete the alternate version of the test. This research 
design will be used to minimise factors such as learning effects and order of treatment, 
adversely influencing the results of the trials (Perlini, Lind, & Zumbo, 1998). Students will be 
given a maximum of 60 minutes to complete each version of the test (although the tests are 
only expected to take students around 50 minutes). The time taken for individual students to 
complete the PVAT and the PVAT-O will be recorded in order to allow comparison of the 
mean duration of each mode (Huff & Sireci, 2001). Finally the number of times the audio 
assist feature is used by each child and the frequency of use on individual items will be 
measured by the website. These data will be used determine the usefulness of this feature. The 
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frequency of audio assist use by gender, year level will also be investigated to highlight any 
preference. The PVAT test papers will be scored and coded by the researcher and as 
mentioned above the PVAT-O will be scored by the website database and then rechecked by 
the researcher. This will ensure consistency and accuracy in the test scoring. 
4.17 Step Four: Student and Teacher Survey 
When considering child-computer interaction it is common for researchers to use a survey 
method to elicit students’ opinions on the appeal or usefulness of a product (Read & Fine, 
2005). Thus a short survey will be used to collect data on the students’ preferred mode of 
delivery for the PVAT. Students will complete the survey after they have completed both forms 
of the test. It will ask students to indicate the mode they preferred when completing the test and 
which they found ‘easier’. The survey will use simple language, will take less than five minutes 
to complete (Read & Fine, 2005) and will avoid ‘yes/no’ questions, which have been observed 
to produce inaccuracies (Bruck, Ceci, & Melnyk, 1997). As it expected that data from around 
200 students will be collected in this trial, the survey data will be aggregated and analysed by 
gender and year level in order to determine any patterns in student mode preference. 
A short survey will also be given to the Year 3 to 6 classroom teachers who observe their 
students completing the PVAT-O trials. The purpose of this survey is to gain an indication of 
the preferred testing mode of the teachers. The survey will be voluntary and completed 
anonymously. Like the design of the student survey, the teacher survey will be kept very 
brief. The survey will ask teachers to indicate their preferred mode of testing and the reasons 
for this preference. They will also be provided with an area to write any additional comments, 
suggestions or improvements regarding the test and trials. The survey is expected to take 
teachers five minutes to complete. The survey is only expected to gather information from a 
small sample (between five and ten teachers), therefore this data will not be aggregated but 
will be interpreted by the researcher and reported as individual responses (Neuman, 2006). 
4.18 Step Five: Rasch Analysis 
A Rasch analysis will be conducted to determine if the PVAT and PVAT-O can be considered 
comparable in their mean item difficulty and mean student achievement (Kolen & Brennan, 
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2004). Three Rasch analyses (Run A, B and C) will be completed to determine this 
comparability. Below is an explanation of each Run. 
Run A 
The purpose of Run A is to confirm that the paper-and-pen PVAT is an internally consistent 
test. Although the main objective of Phase Two (a) is to compare the PVAT with the PVAT-
O, it is also seen as an opportunity for another cohort of students to attempt a selection of 
PVAT items that have not yet been tried together10. As such, it is important to first check that 
the PVAT items still fit the Rasch model and form an internally consistent test. The items that 
fit the model will be used to create an anchor file to be used in Run C. This will allow the 
PVAT and PVAT-O items to be placed on the same scale. Run A will be used to create the 
anchor file as the PVAT items are considered to be more reliable than the previously untried 
PVAT-O items. At the end of Run A, all PVAT items that fit the model will be located on the 
same scale and an anchor file will be created from these. 
Run B 
The purpose of Run B is to look at the PVAT-O test items in isolation. The Rasch analysis 
will be used to determine which PVAT-O items fit the model and determine if the PVAT-O is 
an internally consistent test. If the test is found to be internally consistent, the PVAT-O could 
be considered an appropriate online test for whole number place value in its own right. 
However, in order to determine if the PVAT and PVAT-O can be considered directly 
comparable, the tests need to be placed on the same unidimensional scale. This will be 
achieved in Run C. 
Run C 
The purpose of Run C is to investigate if the PVAT and PVAT-O can be placed on the same 
scale and thus determine if they are comparable in item difficulty and student achievement. 
The anchor file from Run A will be used to fix the difficulty estimates of the PVAT items that 
fit the model. This will allow the PVAT-O items to be calibrated against the PVAT items 
                                                 
10  The 70 items in this trial will be taken from both Form C and D in Trial #2 (see Section 4.15.1). As such this 
collection of items have not be tried together in the same test form. Thus, when they are put together they are 
considered to create a ‘new’ form of the test that requires its own validation using Rasch. 
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(Izard, 2005). The mean item difficulty and mean student achievement for the PVAT and 
PVAT-O will be calculated from this run. Effect Size measures will be used to quantify the 
standardised mean difference between the two tests (Izard, 2004). As shown in Chapter Two: 
Table 2.3 J. Cohen’s (1969) descriptors for the magnitude of Effect Sizes, alongside the 
assigned ranges for each descriptor as suggested by Izard (2004) will then be used to describe 
the Effect Sizes in plain language. 
The data collected in Run C will also be integrated with the qualitative audio assist and 
student survey data collected in this trial. This will allow the investigation of whether 
students’ achievement on the PVAT-O was influenced by: a) their use of audio assist or b) 
their test mode preference. 
4.19 Chapter Summary 
This chapter described the implementation of Phase One and Two of the research project. In 
Phase One the PVAT items were developed and field-tested at School A. The items were then 
revised and Forms A and B of the PVAT were created. This phase followed closely the 
research design proposed in Chapter Three, however one notable adaptation saw the inclusion 
of the Pre-PVAT test. The Pre-PVAT was a consequence of the observations made in the 
field-test that suggested some students were not applying their place value knowledge when 
completing calculate items. Therefore all calculate items were included in the timed Pre-
PVAT test that was tried in Pilot #1. The negative feedback from some teachers about the Pre-
PVAT led the researcher to focus on the PVAT and omit Pre-PVAT from Pilot #2, however 
the Pre-PVAT is still considered an area worthy of further investigation. 
In Phase Two of the research the Year 3 to 6 students at School B completed Pilot #1 before 
completing Pilot #2, 15 months later. The purpose of this phase of the research was to gather 
quantitative Rasch data and qualitative student and teacher insights from two iterations of the 
test. Through this phase a pool of PVAT items was created and refined, allowing Final Forms 
A and B of the PVAT to be created. A comprehensive and detailed construction process 
suggests that these tests can be considered comparable in difficulty and to address a range of 
place value content. As such, they are ready for trial in Phase Three. 
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This chapter also detailed a major change to the original research design of the project. The 
inclusion of Phase Two (a) of the research was described and the plan for conducting this part 
of the research project documented. Essentially this phase will involve the creation and trial of 
a computer-based version of the PVAT. The purpose of this phase is to determine if a 
comparable computer-based version of the PVAT can be created to provide teachers with an 
alternate delivery platform for the test. Phase Two (a) will also aim to investigate through 
student and teacher surveys the mode preferences of each group. 
Chapter Five will explore the implementation of Phase Two (a), Three and Four of the 
research. 
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CHAPTER 5 
Implementation of Phases Two (a), Three and Four 
This chapter describes in detail the procedure followed to implement the research design 
described for Phases Two (a), Three and Four of the project. Explicit references are made to 
any amendments or changes to the research design that took place as the project was 
completed. Phase Two (a) involved the trial of the PVAT-O (online) and the PVAT (the 
paper-and-pen equivalent) at School C. Phase Three involved the trial of Final Forms A and B 
of the PVAT at School A. The chapter concludes with a description of the process followed in 
Phase Four of the research. In this phase the PVAT Developmental Progression was 
constructed using the Rasch analysis data gathered in Phase Three. 
Section 5.1 explains the implementation of Phase Two (a). 
5.1 Phase Two (a) 
As Phase Two (a) of this project was not included in the original research design, an 
amendment was filed to the RMIT College Human Ethics Advisory Network (CHEAN) 
board. This amendment outlined the purpose and design of Phase Two (a) and was approved 
in September 2012 (see Appendix A: Figure A.5). In accordance with the Ethics 
requirements, Plain Language Statements (PLS) were sent to the Principal and Teachers at 
School C. The Principal was also asked to provide consent for the students to complete the 
trial (see Appendix T). 
School C was approached to be involved in the trial because, like School A and B, it was a 
Catholic Primary school located in inner Melbourne, Victoria, Australia. The school also had 
18 co-located computers and the necessary Internet network for administering the PVAT-O. 
The Principal and school staff were happy to participate in the trial, but requested that they be 
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given a summary of the students’ paper-and-pen results as soon as possible after the trial to 
guide their place value instruction. These results were handed to the school two weeks after 
the PVAT-O trial took place. 
School C had 435 students and was located approximately 13 kilometres north-west of 
Melbourne’s CBD. At the time (2012), the Year 3 students at school C were assessed as 
performing ‘close to’ the average NAPLAN Numeracy scores from all Australian schools and 
to those schools considered to have a student cohort with statistically similar backgrounds 
(Australian Curriculum Assessment and Reporting Authority, 2012). The Year 5 students 
were performing ‘above’ the NAPLAN Numeracy scores from all Australian schools and 
those from statistically similar background schools (ACARA, 2012). Approximately 11% of 
students came from families with a language background other than English (ACARA, 2012). 
As described in Section 4.13, Phase Two (a) involved a five-step process. Step One: the 
creation of the PVAT-O test blueprint was described in Section 4.14. The implementation of 
Step Two (the design and creation of the PVAT-O), Step Three (the trial of the PVAT-O), 
Step Four (the student and teacher surveys) and Step Five (the Rasch analysis) is described in 
Sections 5.1.1 to 5.1.4. 
5.1.1 Step Two: Design and Creation of the PVAT-O 
As mentioned in Section 4.15, a computer programmer created and coded the PVAT-O 
website according to the instructions provided by the researcher. Multiple technologies 
including HyperText Markup Language (HTML5), Javascript and PHP: Hypertext 
Preprocessor (PHP) were used to create the website and host site called VentraIP Australia 
(VentraIP, 2012) was used. Using an Australian host allowed for quick access to the web 
pages, rapid database entries and secure data retrieval for teachers and administrators (Reid, 
personal communication). The website URL was www.pvat.com.au. 
In all, 79 items were selected to be in the PVAT-O trial. The test had nine more items than 
was originally planned to enable data to be gathered on some of the ‘new’ items that had been 
designed for the Phase Three trial (see Section 4.11.2). With the inclusion of the extra items, 
it was expected that students might not get through the entire test in the allocated 60 minutes. 
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The design of each PVAT-O item screen was identical. At the top of each screen the item 
number was placed in a yellow box (see Figure 5.1 ). Moving down the screen, the item 
stimulus and the audio assist button were included in a red box, and finally the answer 
response was recorded in the green box at the bottom of the screen. Green ‘Next’ and red 
‘Back’ navigation buttons were also included on each screen to keep the site navigation 
consistent. 
 
Figure 5.1. PVAT-O item format 
As described in Section 4.15.1, the content and format of each PVAT-O item was as close as 
possible to the equivalent PVAT items. However, some items required the inclusion of 
computer-based features. Figure 5.2 shows how the drag and drop feature was used in a 
compare/order item. Several other computer-based features were also used in the PVAT-O 
items. These are described in Appendix U. 
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Figure 5.2. PVAT-O item using the drag and drop feature 
As students completed the PVAT-O, their results were instantaneously coded and presented to 
the test administrator in the form of a table (see Appendix V). This data could be sorted and 
presented by the database according to the student’s class, date of birth or gender. The 
database was also designed to create summary tables of students’ input for each item (see 
Figure 5.3). The item input summary tables allowed the researcher to double check quickly 
and efficiently to ensure the database was correctly coding each student response. This feature 
was also considered to be a very powerful means to analyse each item in depth and identify 
common student misconceptions. 
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Figure 5.3. Item Input Summary Table Showing a Selection of Student Responses to Item 
51 
As described in Section 4.15.2, after the PVAT-O was developed a checklist of the website 
was completed (see Appendix W).The main finding from the checklist was that the PVAT-O 
worked best through the Google Chrome Internet browser. It was found that the function and 
appearance of the PVAT-O was less than satisfactory when accessed through other browsers, 
for example, Internet Explorer. This was due to the fact that the website was coded 
specifically for Google Chrome and each Internet browser interprets website codes slightly 
differently (Google, 2013). This finding highlighted the importance of ensuring the students at 
School C accessed the site through the Google Chrome browser in the trial. 
Finally, as described in Section 4.15.2, a field-test of the PVAT-O was conducted with three 
students from School A. The field-test involved one student from each of Years 3, 5 and 6 
(Male= 100%) and was conducted in the school library. The purpose of the field-test was to 
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see if there were any issues in the PVAT-O format, database or scoring and to determine the 
approximate duration of the test. The field-test highlighted several issues that needed to be 
addressed before the trial at School C. One involved the Catholic Education Commission of 
Victoria (CECV) central cache, which, for security reasons, was found to block ‘non-
educational’ websites from staff and students. Initially it was found that the students in the 
field-test were denied access to the PVAT-O website by this cache as it did not recognise the 
website. However, with the assistance of School A’s computer technician, the PVAT-O site 
was allowed through the cache. This highlighted the need to ensure students at School C were 
given similar access to the PVAT-O site before the trial. Further issues were noted as the 
students at School A completed the test. Some of the researcher’s observational notes are 
included in Table 5.1. 
Table 5.1. Sample of observational notes from PVAT-O field-test 
Item Observation Action 
22,25,53 Image appearing to be too large for the screen Resize Image 
16,51,57 Typing errors in the item stems Correct errors 
2 Audio assist recordings mismatched with the item Move audio file and attach to 
correct item 
6 The database was marking students who wrote numbers in 
words (for example ‘ten’) as incorrect when this was 
deemed acceptable in the PVAT test. 
Update database 
All When you press ‘back’ button, the input you put in the 
previous item is lost 
Fix in code 
End Students cannot easily tell if their test data is uploaded Include screen at end of test so 
confirm ‘data committed’ 
 
The field-test showed that the PVAT-O took the students approximately 40 minutes to 
complete, therefore the original plan of allowing students 60 minutes to complete the test was 
judged appropriate. After the issues noted in the field-test were addressed, the PVAT-O was 
considered ready for Trial at School C. 
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5.1.2 Step Three: Trial of the PVAT-O 
All Year 3 to 6 students (N = 253) from nine classes took part in the PVAT-O trial (Male= 
47%, Female= 53%). The trial took place over a two-week period during Term Three in 2012 
at School C. In the first week, half the students (randomly selected) in each class completed 
the PVAT-O at the computers in the school library while the other half of the class sat at 
tables in the library and completed the PVAT. As described in Section 4.16, exactly one week 
later the students completed the alternate test mode. Although 253 students were involved in 
the trial, 227 students (Male= 45%, Female= 55%) completed both forms of the test. The 
remaining 26 students were either absent for one trial, experienced technological issues 
uploading their data or their PVAT and PVAT-O data could not be matched. 
The library was closed to all other students during the trial period to ensure the students were 
not interrupted. While there were 18 computers in the library, only 15 were considered to be 
working reliably. It was important to note the computers that had working monitors, audio 
and Internet connection in order to ensure no time was wasted sorting out problems with the 
defective computers during the trial. In each trial the students were supervised by both the 
researcher and their classroom teacher. 
During the trial each student was provided with headphones and could choose to use the 
audio assist button to hear the item text being read aloud. It was originally envisaged that the 
website would be able to record the frequency of audio assist usage automatically for each 
student on individual items, however, unfortunately this feature was not available in time for 
the PVAT-O trial. As a consequence, students were asked to manually record the number of 
times they used the audio assist feature. This was believed to be a much less reliable means 
of collecting these data and did not allow information about the specific items students 
accessed the feature to be gathered. The time each student took to complete each form was 
also measured and recorded by the researcher. These results are presented in Chapter Six: 
Section 6.5.3. 
5.1.3 Step Four: Student and Teacher Surveys 
After students had completed both the PVAT and PVAT-O tests, they were asked to complete 
the student survey (see Appendix X). The survey data of only those students who completed 
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both the PVAT and PVAT-O trial were included in the final analysis (N = 201). This number 
was a little less than the total number of students who completed both forms reported above 
(N = 227). This was because some student surveys could not be matched with their test data 
as they had omitted or incorrectly recorded their date of birth. The results related to the mode 
preference of all students, male and female students and students in each year level are 
presented in Chapter Six: Section 6.7.1. 
As planned in Section 4.17, the seven Year 3 to 6 classroom teachers at School C were invited 
to complete a short anonymous survey (see Appendix Y). The teachers were given the survey 
as their students completed the trial and asked to return them to the school office within one 
week of the trials being completed. All seven teachers (Female= 6, Male= 1) completed and 
returned the surveys. It should be noted that when the teachers completed the survey, they had 
not seen the administration and scoring areas of the PVAT-O website. Thus they were not 
aware of the exact form that the data would be presented at the completion of the test. They 
were aware, however, that the website included a database that would provide immediate 
feedback on students’ responses at the completion of the assessment. The results from the 
teacher survey are presented in Chapter Six: Section 6.7.3. 
5.1.4 Step Five: Rasch Analysis 
The data from the paper-and-pen PVAT were coded and scored by the researcher. Identical 
scoring criteria were used on the PVAT and by the PVAT-O database. To ensure the validity 
of the data, the analyses were restricted to the data collected from the 227 students who had 
completed both test modes. Runs A, B and C analyses were conducted as described in Section 
4.18. However, in order to compare student achievement between the PVAT and PVAT-O, 
another run was completed (Run D). This run was required because the Run C produced 
student achievement data for both the PVAT and PVAT-O together. Thus in order to 
determine the mean achievement on each test (while still being anchored together) the 
students’ data from both the PVAT-O and PVAT were used, however this Run excluded the 
PVAT-O items. Run D allowed the each student’s achievement on only the PVAT items to be 
calculated by the Quest program. One student who correctly answered all the items on the 
PVAT in Run D was excluded from the calculations because, while it was clear what they 
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could do it was impossible to determine what they could not do. Hence 226 students were 
involved in this analysis. The mean and standard deviation of the students’ achievement on 
the ‘PVAT only’ was then calculated. 
Calculating the mean of students’ achievement on just the PVAT-O was not as 
straightforward. The PVAT items were being used as an anchor file; so excluding these items 
from the analysis was not possible. Thus to calculate the mean of the student achievement on 
the PVAT-O, each student’s achievement score on both the PVAT-O and PVAT was 
calculated. As such, the difference between a student’s ‘both PVAT and PVAT-O’ scaled 
score and their ‘PVAT only’ scaled score was considered to be indicative of their PVAT-O 
score and are referred to as ‘PVAT-O’ scores in Chapter Six. 
The mean and standard deviation of the ‘PVAT only’ and ‘Both PVAT and PVAT-O’ scores 
were calculated for these data and the Effect Size difference was used to determine the 
comparability of the test modes. Finally an investigation was completed into the influence of 
gender on the PVAT-O and PVAT results as this was identified in Chapter Two as potential 
influence on student achievement in place value. These results are reported in Chapter Six: 
Section 6.5 and 6.7.2 
5.2 Phase Three 
In 2012, Phase Three took place at School A, the site of the Phase One PVAT item field-test. 
The school and student population were relatively similar to the 2010 context, however there 
had been a few changes at the school. One of the most significant changes was the recent 
employment of a new Principal. As a result, before this phase of the research was conducted the 
researcher met with the Principal to explain the project and re-confirm the schools involvement. 
The new Principal was very happy for the project to continue as originally planned. 
By 2012 School A’s population had grown by 14 students to 541. The percentage of students 
from a language background other than English had dropped from 20% to approximately 13% 
of students (Australian Curriculum Assessment and Reporting Authority, 2010, 2012). 
However, the general level of mathematical achievement on the NAPLAN tests was almost 
identical to the scores achieved in 2010. Both Year 3 and 5 students were performing ‘above’ 
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the average NAPLAN Numeracy scores of all Australian schools and had scores ‘close to’ 
those from statistically similar background schools (ACARA, 2012). 
As described in Section 3.15, Phase Three involved two trials of Final Forms A and B. Trial 
#1 took place in September of 2012 and Trial #2 in December of 2012. There were eleven 
weeks between the trials. Trial #1 is explained in detail in Section 5.3, while Trial #2 is 
explained in Section 5.4. 
5.3 Trial #1 (September) 
As described in Section 3.15, Trial #1 involved the administration of PVAT, student 
interviews/teacher survey, a Rasch analysis and a Teacher Focus Group meeting. Sections 
5.3.1 to 5.3.4 further explain the process followed. 
5.3.1 Administration of PVAT Trial #1 
All Year 3 to 6 students at School A (N = 264) completed Trial #1 (M= 48%, F=  52%). The 
trial took place in the student’s regular classrooms and the test was administered by each 
classroom teacher. There were five Year 3/4 classes and five Year 5/6 classes. Only nine 
students who had been involved in the field-test of PVAT items in Phase One still remained at 
the school. Considering the time that had passed since the field-test was almost two years and 
the majority of items had changed significantly, the possible practice effects from students 
being administered PVAT items twice were considered to be negligible (J. Izard, personal 
communication, June 17, 2013). The test was administered as described in Section 3.15.1, 
however, in order to confirm that the duration of the test was appropriate for the intended 
population, teachers were asked to record the time taken for each student to complete the test 
on the front of the student’s test booklet. These data allowed the average duration and range 
of the PVAT to be calculated (see Chapter Six: Section 6.5.3). At the completion of the 60 
minutes the teachers were instructed to collect all test papers from their class. These papers 
were then collected and corrected by the researcher. As the researcher corrected the test 
papers, she took photographs of interesting or insightful student responses to items from each 
of the place value aspects (see Appendix Z to Appendix EE). These student responses assisted 
in developing the PVAT Developmental Progression in Phase Four. 
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5.3.2 Student Interviews/Teacher Survey 
The nine students who were interviewed in the 2010 field-test were now in Years 5 and 6 at 
the school. These students were interviewed as proposed in Section 3.15.2. To determine if 
there was qualitative evidence of improvement in these students’ understanding of place value 
over the two years, their responses in 2010 and 2012 were compared (see Table 5.2 below). 
The comparison involved only students’ responses to the 27 PVAT items that remained 
unchanged from the 2010 field-test to Trial #1 in 2012. From these items, student responses 
that were incorrect in 2010 but correct in 2012 were highlighted in purple and student 
responses that were correct in 2010 but incorrect in 2012 were highlighted in orange. Student 
responses which were not attempted in 2010 or correct in 2010 and remained correct in 2012 
were shown in white. The highlighted items were considered to be indicative of a shift in a 
student’s knowledge or understanding in place value and as such became the focus of the 
qualitative analysis. In this analysis interview data from 2010 and 2012 were compared and 
interpreted to determine the change that may have occurred in the student. The results of this 
analysis are presented in Chapter Six: Section 6.9.2. 
Table 5.2. Student responses to the 27 unchanged PVAT items in 2010 and 2012. 
 
   incorrect in 2010, correct in 2012 
   correct in 2010, incorrect in 2012 
 
aspect c c c c c/o ca ca ca ca ca ca ca ca m/r m/r m/r m/r m/r n/r n/r r r r r r r r
difficulty -0.97 -0.58 1.82 3.23 2.16 -0.24 0.56 0.99 1.1 1.35 1.88 2.34 2.51 -1.35 -1.35 -0.31 1.15 2.45 -1.82 0.65 -1.69 0.13 0.2 1.46 2.28 2.51 4.35
ID Year GP Gender 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
364 5 4 M 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 1 0 0 1 1 1 0 1 0 1 0 0
344 5 4 M 1 1 1 1 0 1 1 0 0 1 1 0 0 0 1 1 0 0 1 1 1 0 1 1 1 1 1
328 6 4 M 1 1 1 0 1 1 1 0 0 1 1 0 1 0 1 0 0 0 1 1 1 0 1 0 1 0 0
323 6 4 M 1 1 1 1 1 1 1 0 1 1 1 0 1 0 1 1 0 0 1 1 1 0 1 0 1 0 1
310 6 4 M 1 1 1 1 0 1 1 0 0 1 1 0 0 0 1 1 1 0 1 1 0 0 1 0 0 0 1
166 6 5 M 0 1 0 1 1 1 0 1 1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 1
143 5 4 F 0 1 0 0 1 1 0 1 1 0 1 1 1 1 0 0 1 0 1 1 1 0 0 0 1 0 0
128 5 3 F 0 1 0 0 0 1 1 0 0 0 1 0 1 1 0 0 1 0 1 1 1 1 0 1 1 0 0
112 6 5 F 0 1 0 1 0 1 0 1 1 0 1 1 1 1 0 0 1 0 1 1 1 1 0 1 1 1 0
ID Year GP Gender 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
364 3 5 M 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 1 1 1 0 1 0 1 1
344 3 4 M 0 1 0 1 1 1 1 1 1 0 1 1 1 1 1 0 1 0 1 1 1 1 0 0 0 0 0
328 4 4 M 1 1 0 0 1 0 1 1 1 1 0 0 0 0 1 0 1 0 1 1 1 1 0 0 1 0 1
323 4 4 M 1 1 1 0 1 1 1 1 0 0 1 0 1 0 1 0 1 0 1 1 1 0 0 0 0 0 0
310 4 3 M 0 1 0 0 0 1 1 1 1 1 1 0 1 0 1 0 0 0 1 0 1 0 0 0 1 0 0
166 4 3 M 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1
143 3 3 F 1 0 0 0 0 1 1 1 1 1 1 0 0 0 1 0 0 0 1 1 1 0 0 0 0 0 1
128 3 3 F 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0
112 4 5 F 1 1 1 0 1 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1 1 0 0 0 1 0
2
0
1
2
 
2
0
1
0
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As mentioned in Section 3.15.2 an additional 11 randomly selected Year 3/4 students were 
also approached to be interviewed in this trial. Plain Language Statements and Consent Forms 
were sent to the parents of these students. Eight students were given permission to be 
involved in these interviews. The interviews were conducted in accordance with the research 
design detailed in Section 3.15.2 in the week following Trial #1. Six of the individual 
interviews took place in a quiet interview room close to each student’s classroom, however 
two interviews had to take place in the staff room as the interview room was being used. The 
interviews were all conducted by the researcher, were audio-recorded and took approximately 
40 minutes. Unfortunately when the audio-recordings of the two interviews conducted in the 
staff room were played back there was significant interference caused by noise coming from 
the adjacent school hall. While hand-written notes were taken as a backup and the student’s 
Growth Point data was collected from these, the students’ responses to the PVAT were not 
decipherable. As such only six Year 3/4 students’ interview data was considered appropriate 
to use. This meant that in total in Trial #1, 17 Year 3 to 6 students were interviewed, with 15 
interviews used for analysis. 
Finally at the completion of Trial #1, all Year 3 to 6 teachers were invited to complete a 
feedback sheet (see Appendix I), where they recorded any problems, issues or thoughts they 
had about the PVAT. All ten teachers completed these feedback sheets. 
5.3.3 Rasch Analysis of Trial #1 
The Rasch analysis of Trial #1 data took place according to the plan proposed in Section 
3.15.3. These analyses included the production of a Kidmap (Adams & Khoo, 1996b) for each 
of the students who were interviewed in Trial #1 and had audio recordings that were of a 
satisfactory quality (n = 15) . In order to illustrate how the Kidmap data was used, Figure 5.4 
below shows the Kidmap of Student 143, a Year 5 female. 
IMPLEMENTATION OF PHASES TWO (A), THREE AND FOUR 
205 
 
Figure 5.4. Kidmap for student 143 
On the Kidmap, the red crosses (xxx) are the student’s achievement on the PVAT test. Items 
highlighted in blue are classified as easier achieved items. Student 143 was expected to 
answer these items correctly in the Rasch modelling and she did. The items highlighted in 
green are considered harder not achieved items. The Rasch model did not expect this student 
to answer these items correctly and she did not. In contrast, the items highlighted in pink are 
classified as easier not achieved items. These were items the student was expected to answer 
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correctly but for some reason she did not. Student 143 did not have any items which were 
considered to be harder achieved. That is, she did not correctly answer any items contrary to 
the predictions of the Rasch model. 
Using the Kidmaps produced for each of 15 students who were interviewed in Trial #1, items 
that were classified as easier not achieved, harder achieved or harder not achieved were 
sourced from each student’s interview transcript (see Appendix FF). These items were 
considered to provide an insight into the item responses which were contrary to the model’s 
predications. It was found that several students recorded incorrect written answers in the 
PVAT, however in the interviews were able to correct their errors. This provided interesting 
insight into the difference between data gathered in paper-and-pen and interview settings. 
These transcripts gathered in the Kidmap analysis were used to further investigate the 
authenticity of the PVAT Developmental Progression developed in Phase Four. These results 
are presented in Chapter Six: Section 6.8.3. 
Next, one significant amendment to the plan described in Section 3.15.3 was made. In order to 
quantitatively measure the improvement the group of students involved in the Phase One 
field-test made between 2010 and 2012 (according to the PVAT) a further Rasch analysis was 
conducted. In the time since the 2010 field-test and the 2012 Trial #1, the items on the PVAT 
had changed considerably. Many had been omitted and most had been revised or edited in 
some way. Thus, to ensure an accurate comparison was made between the students’ PVAT 
scores in 2010 and 2012, only the items that remained unchanged over this time period were 
included in this analysis. 
In total, 27 items were unchanged between the 2010 and 2012 PVAT. However, due to the 
large number of items presented in the field-test in 2010 and the fact the students were only in 
Year 3 or 4 at the time, none of the nine students in the sample group attempted all of the 27 
unchanged items in 2010. To ensure the items were not omitted from the Rasch analysis due 
to a lack of evidence, each of the 27 items was anchored at the item difficulty level calculated 
for the corresponding item in the Trial #1 analysis. Furthermore, the responses of all of the 28 
students who completed the field-test in 2010, to the 27 unchanged items were included in the 
analysis to further increase its accuracy. 
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This retrospective Rasch analysis allowed those nine students’ achievement scores from the 
2010 items to be estimated. It should be noted that the small number of student responses to a 
small amount of items meant that the 2010 estimates have large errors associated with them. 
Nonetheless, a comparison of the 2010 scores generated by this analysis and the student’s 
scores from Trial #1 in 2012 was used to provide an indication of the improvement these 
students made over two years according to the PVAT. These results are presented in Chapter 
Six: Section 6.9.1. 
5.3.4 Teacher Focus Group Meeting and Teacher PNI Survey 
Due to the success experienced in Pilot #2 when all School B teachers attended the Teacher 
Focus Group (TFG) Meeting, all teachers at School A (N = 30) attended the TFG meeting. 
The meeting took place one week after PVAT Trial #1 in order to allow time for a Rasch 
analysis of the data to be completed by the researcher. As the Prep (Foundation) to Year Two 
teachers had not been involved in Trial #1, the meeting began with a general explanation of 
the research project and a description of the purpose and objectives of the PVAT test. The 
teachers were then taken through a range of activities related to the PVAT. These included 
some that had been trialled in Pilot #2 and some new activities. Teachers were required to: 
1 Complete, classify and sort a selection of 21 PVAT items gathered from all seven aspects 
of place value (see Appendix GG).This led to a discussion of the seven aspects of place 
value 
2 Look at and discuss some examples of typical place value misconceptions. These 
included the face value misconception (see Section 2.6.2), difficulties with bridging over 
decuples and centuples (see Section 2.3.1) and difficulties in coming to understand 
algorithms (see Section 2.3.7). 
3 Discuss two examples of student PVAT errors (see Appendix HH). 
As teachers completed these activities, the researcher made anecdotal notes of some of the 
teachers’ comments. These are presented in Chapter Six: Section 6.10.1 
Finally, teachers were presented with their class PVAT data from Trial #1 (see Appendix II). As 
noted in Section 4.10, all student scores were presented as positive values and the mean score in 
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each year level was provided so teachers could gain an idea of their students’ achievement. At the 
conclusion of the Teacher Focus Group meeting the teachers were informed that the students 
would complete another alternate version of the test in December 2012 to confirm the reliability 
of the test forms. The researcher was careful not to provide copies of the test to teachers in order 
to ensure teachers did not ‘teach to the test’ and disrupt the results of Trial #2. 
All sample PVAT items used in the focus group meeting were supplementary items which 
were not included in the final form of the PVAT and all samples were collected after the 
meeting. Teachers were asked to continue their normal teaching over the next ten weeks in 
order to ensure the results of the Trial #2 were not distorted unnecessarily. It was 
acknowledged, however, that attending the TFG may influence how teachers approached the 
ten week teaching block. For this reason, a final teacher’s survey was conducted at the 
conclusion of Trial #2 (See Section 5.4). This survey asked teachers to indicate how attending 
the TFG influenced their teaching over the ten weeks. 
At the conclusion of the TFG meeting, teachers were invited to fill in an anonymous PNI 
survey (See Appendix K). From the 30 teachers present, 24 completed surveys were received 
(Male= 3, Female= 21). Several commonalities and themes that emerged from these surveys. 
These are summarised and presented in Chapter Six: Section 6.10.1 
During the Teacher Focus Group meeting, the Year 2 teachers requested that their students be 
involved in Trial #2. Thus, with the Principal’s permission, the Year 2 students were invited 
to be involved in Trial #2. As the Year 2 cohort had not completed Trial #1, there would not 
be a complete data set available to measure improvement in these students but the trial would 
provide information to the teachers about the current level of their students’ place value 
knowledge. The inclusion of Year 2 students would also provide the researcher with 
invaluable insights into another cohort of students and further information on items at the 
lower end of the difficulty scale. 
5.4 Trial #2 (December) 
In December 2012, approximately ten weeks after Trial #1, all Year 2 to 6 students (N = 352) 
completed the alternate form of the PVAT in Trial #2 (M= 48%, F= 52%). The test was 
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conducted concurrently in all 13 Year 2 to 6 classrooms (three Year 2, five Year 3/4 and five 
Year 5/6 classes). The test was administered in exactly the same way as Trial #1 in Year 3 to 
6. However in each Year 2 class 50% of the female students completed Final Form A of the 
test and 50% of the male students completed Final Form B. All students were allocated a 
maximum of 60 minutes to complete the test. However, this was considered a long time for 
Year 2 students to concentrate and as such their teachers were instructed to use their best 
judgement to determine the amount of time students spent completing the test. Although the 
Year 2 students were encouraged to attempt as many items as possible, it was explained to 
them that the test was designed for Year 3 to 6 students and, therefore, they might find items 
to be very challenging. 
At the completion of the test, all of the Year 2 to 6 teachers (N = 13) completed the final 
teacher survey, but because most questions related to the Year 3 to 6 teachers (N = 10) only 
the responses of these teachers were analysed. The results of this survey as well as teachers’ 
written responses are included in Chapter Six: Section 6.10.2. 
Rasch analysis of the Trial #2 data was conducted in accordance with the plan described in 
Section 3.16.2 with all Year 3 to 6 student data analysed as in Trial #1. These data were then 
used to calculate the improvement of students as proposed in Section 3.16.3. These results are 
presented in Chapter Six: Section 6.2. 
In addition, as the Year 2 students completed Trial #2, a separate Rasch analysis was conducted 
on the data collected from all Year 2 to 6 students. This analysis was conducted in order to 
determine the mean student achievement score of each year level cohort from Year 2 to 6 in 
Trial #2. This Run was called Run C1 and the results are presented in Chapter Six: Section 6.2. 
Finally, as the item reliability estimates of tests that cover a range of year levels were noted to 
be less accurate (see Section 4.9.1), Run D1 was conducted. Run D1 involved conducting 
analyses on each year level cohort’s responses to the PVAT individually. The Trial #1 Final 
Form A data was used for this analysis as it was found to be the most reliable. The results of 
Run D1 are presented in Chapter 6: Section 6.1.1. 
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5.5 Phase Four: Construction of the PVAT Developmental Progression 
for Place Value. 
As proposed in Section 3.17, the first step in creating the PVAT Developmental Progression 
was to order the PVAT items according to their difficulty and consider the “natural breaks” 
(Griffin, 2004, p. 493) in the data. The data gathered in the Trial #1 Rasch analyses were used 
to determine the difficulty of the items. The Trial #1 data was considered to be the most 
appropriate to use because it provided baseline data on students’ place value knowledge prior 
to the ten-week teaching block. The surviving items from both Trial #1 Final Form A and 
Final Form B (using Final Form A anchor file) were collated and colour-coded by the aspect 
of place value they addressed. Next, the items were ordered from least to most difficult and 
the difference between the difficulties of adjacent items was calculated. The purpose of this 
calculation was to attempt to determine the location of substantive changes in item difficulty. 
Table 5.3 presents a sample of the PVAT items from the lower range of difficulty and 
highlights (in red in the ‘Logit Difference’ column) the location where it was judged 
substantive changes in difficulty occurred (see Appendix JJ for complete table). 
Table 5.3. Item difficulty analysis of Trial #1 items. 
Item Content (colour coded by place value aspect) Item Difficulty Logit Difference 
how many ones block in23 -4.02 0 
how many ones in 17 -4.02 0.01 
100 MAB block -4.01 0.71 
write in numbers seventy five -3.3 0.75 
before 110 -2.55 0 
7+10 -2.55 0 
40 hundreds take away one hundred -2.55 0.82 
what number is ten more than 31 -1.73 0.12 
how many thousand block in 10000 -1.61 0 
which number has 4 tens -1.61 0 
50 ones are the same as __ tens -1.61 0 
circle largest number 34011,34101,34001 -1.61 0.13 
30+200+40000 -1.48 0 
3 hundred, 4 tens, 5 ones is the same as ___ones -1.48 0.23 
which number is between 150 and 200 -1.25 0.16 
3 thousands + 4 thousands -1.09 0.04 
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45 non canonical -1.05 0.09 
Jill says block is 600 -0.96 0 
Estimate dots -0.96 0 
5 tens and 6 ones is the same as __ones -0.96 0.09 
one hundred less than 3927 -0.87 0.03 
what number is after 64399 -0.84 0.28 
order number to millions -0.56 0.13 
200 + 5 tens -0.43 0.13 
 
In the table above several examples of ‘natural breaks’ in the data were located, which created 
‘sets’ of items. As proposed, an analysis was conducted to determine if “a common 
substantive interpretation” (Griffin, 2004, p. 504) within each set could be found. However, 
looking at the content addressed in each set, there were no obvious commonalities identified. 
Further, it was also noted that there were not enough items within each ‘set’ to distinguish 
students’ achievement accurately. The number of items in each set was increased accordingly 
and new ‘sets’ were created, still guided by the location of the ‘natural breaks’. 
This process led to the identification of four sets of items (see Appendix KK). Again an 
interpretation of the content within each set was conducted. Table 5.4 shows the descriptors of 
the skills required to answer the item located in ‘Set One’. These items were interpreted to 
generally involved two-digit numbers, did not require students to bridge over decuples and 
centuples and needed very little understanding of composite units (Further discussed in 
Chapter Six: Section 6.8.3). Commonalities were also noted within the items in Set Two, 
Three and Four. As such these ‘sets’ became known as ‘stages’ and created the PVAT 
Developmental Progression. 
Table 5.4. Descriptors of key skills required in Set One of PVAT Developmental Progression 
Set One 
Aspect of place 
value 
● May be applying place value knowledge to correctly complete simple operations 
involving addition and multiplication with two-digit numbers involving 10. For 
example 7 + 10=  or 4 x 10=  
● Can complete a simple addition requiring no bridging.  
Calculate 
● Correctly order 4 numbers from 1 to 10 Compare/Order 
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Set One 
Aspect of place 
value 
● Students are able to identify the smallest number given three numbers of mixed length 
up to three-digits. 
● Can identify the largest number given three five-digit numbers, differing only by their 
hundreds, tens and ones digits. 
● Can identify the number before and after numbers up to 100 
● Can identify a number which is ten more than a two-digit number, no bridging  
Count 
● Students are able to identify the value of a two-digit number non-canonically 
represented using base ten materials. 
● Students are able to identify the value of proportional representations of ones, tens, 
hundreds and thousands in base ten materials.  
Make/Represent 
● Can write numbers in words up to 100 
● Can record two-digit numbers 
Name/ Record 
● Identify how many ten dollar notes are present in a two-digit dollar amount 
● Can identify the number of tens in one hundred 
Rename 
 
Having identified the four stages it was considered necessary to determine whether an 
appropriate number of items from each aspect had been included in each stage. This would 
confirm that an accurate assessment of students’ place value understanding across aspects and 
stages could be gathered using the progression. The items in the item-person maps from Trial 
#1 Final Forms A and B were colour-coded and sorted by the place value aspect they 
addressed. Following this an analysis of the number of items in each aspect within each stage 
was conducted. The item-person map and the resulting analysis are presented in Chapter Six: 
Section 6.8.1. 
Next, the logit range identified for the four stages in Trial #1 were applied to the Trial #2 tests 
(see Appendix LL). This process was followed so teachers could measure their students’ 
improvement according to uniform stages. As the progression’s main purpose was to inform 
teachers’ practice it was considered important to provide teachers with a means to translate a 
student’s PVAT raw score into their PVAT stage of development. To achieve this, the logit 
tables produced by the Quest program were used. The logit table presents equivalences 
between test raw scores and Rasch estimates (Adams & Khoo, 1996b). The logit tables shown 
in Appendix LL were used to create the raw score translator, which is presented in Chapter 
Six: Section 6.8.2. 
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Having developed the progression, a close analysis and interpretation of each stage was 
conducted. Each of the 15 students who were interviewed in Trial #1 (see Section 5.3.2) was 
assessed according to the PVAT developmental progression. As previously mentioned, the 
Kidmaps (Adams & Khoo, 1996b) produced in Section 5.3.3 were used to investigate the 
types of items students at each stage could and could not answer successfully. These provided 
important information to validate the accuracy of the progression. Determining the students’ 
PVAT stage also allowed a comparison between the PVAT stages and the ENI Growth Point 
data collected in Section 5.3.2. These comparisons are presented in Section 6.9.1. 
Finally, an analysis was conducted in order to determine if using the size of the number was an 
accurate way to measure progress in place value (exemplified in the ENRP Growth Point 
Framework, Victoria Essential Learning Standards document and Australian Curriculum: 
Mathematics). In order to achieve this, each item on the item-person map for Trial #1 Final Form 
B (using Final Form A anchor) and Final Form A was classified according to the size of the 
numbers it included. The results from this analysis are presented in Chapter Six: Section 6.8.1. 
5.6 Chapter Summary 
This chapter has described the implementation of Phases Two (a), Three and Four: 
Phase Two (a) described the creation and trial of the PVAT-O at School C. A counter-
balanced trial saw Year 3 to 6 students (N = 227) complete both the PVAT and the PVAT-O 
one week apart. Data associated with students’ use of the audio assist feature and the duration 
of each mode was collected. Students completed a short survey that required them to indicate 
their preferred mode of testing (N = 201). Teachers at School C were also surveyed to 
determine their mode preference (N = 7). Finally, a Rasch analysis of the data determined the 
internal consistency of the tests and their comparability. 
Phase Three involved the trial of Final Forms A and B at School A. Two counter-balanced 
trials were conducted with all Year 3 to 6 students: Trial #1 and Trial #2. In Trial #1 Student 
interviews were conducted with eight Year 3/4 students, and nine Year 5/6 students. The Year 
5/6 students had been involved in the PVAT field-test in Phase One, so their improvement 
over two years was observed. A Rasch analysis of the Trial #1 data was completed. 
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Furthermore, all teachers at School A (N = 30) took part in a Teacher Focus Group meeting 
facilitated by the researcher. This meeting involved teachers looking closely at the PVAT and 
several common place value misconceptions and exploring the seven aspects of place value. 
At the completion of this meeting the teachers completed a PNI survey. Trial #2 was 
conducted ten weeks later and included Year 2 students at the request of their teachers. At the 
completion of Trial #2 all Year 2 to 6 teachers completed a final survey. Finally a Rasch 
analysis of the test data was conducted. 
Phase Four involved the creation of the PVAT Developmental Progression for place value. A 
process to determine the ‘natural breaks’ in the item difficulties combined with an 
interpretation of the knowledge required to answer questions was completed. This resulted in 
the identification of four stages of progression. The progression was then further investigated 
through the use of qualitative insights gathered in the Trial #1 student interviews. Finally, 
students’ Growth Points were compared with their PVAT stage and an analysis to determine 
whether the size of numbers was related to students’ progression in place value was 
conducted. 
Chapter Six presents the results gathered in Phases Two (a), Three and Four of the project. 
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CHAPTER 6 
Results 
Chapter Five detailed the implementation of Phase Two (a), Three and Four of the research. 
This chapter presents the results for these Phases. The major emphasis is on the quantitative 
data gathered from the PVAT trials, however, the integration and interpretation of qualitative 
insights is used to provide depth to the analysis. Evidence to address each of the research 
questions that guided the project (see Section 2.8) is presented in turn. 
6.1 Major Research Question One 
This Section addresses the major research question: To what extent can a valid paper-and-pen 
assessment tool called the Place Value Assessment Tool (PVAT) be developed for Year 3 to 6 
students? 
Evidence gathered in the Phase Three Rasch analysis is presented to address this question. 
Firstly, Rasch modelling data is used to indicate that both forms of the test in Trial #1 and 
Trial #2 are internally consistent and measure a common construct. Next, an analysis of the 
item difficulties in each form and the achievement and improvement measured in Group One 
and Group Two students is used to illustrate the comparability of the test forms. 
6.1.1 Internal Consistency and Common Construct 
As detailed in Section 3.15.3, in order to determine if Final Forms A and B are internally 
consistent tests in Trial #1, Run A1 was conducted. The purpose of this Run was to determine 
the items on Final Forms A and B which independently fit the Rasch model, for this reason no 
anchoring was used. Figure 6.1 shows the item-person map created for both forms in this Run 
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after the misfitting items had been deleted11. The fit statistics for each item in Final Form A 
and B are included in Appendix J. 
 
 
Final Form A in Trial #1 (no anchoring) Final Form B in Trial #1 (no anchoring) 
Figure 6.1. Item-person map Final Forms A and B in Trial #1- no anchoring used 
The item-person maps above present the relative difficulty of those items which were found to 
fit the Rasch model and the abilities of the students in each form of the PVAT, on the same 
scale. Both tests are considered to have an appropriate spread of items for the student cohort 
tested (as judged by the approximate rectilinear distribution of the items). Both tests were 
found to have an item reliability estimate of 0.97 and as such are considered to be internally 
consistent tests in their own right. 
                                                 
11  Appendix MM: Figures MM.1 and MM.2 provides these item-person maps in a larger format 
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Next, as described in Section 3.16.2, in order to determine whether Final Forms A and B were 
also internally consistent tests when they were completed in Trial #2, Run A1 using the Trial 
#2 data was completed. Again, no anchoring was used in this Run. Figure 6.2 shows the item-
person map created for Final Forms A and B in this Run after checking the fit of the items to 
the Rasch model12.  
 
 
Final Form A in Trial #2 Final Form B in Trial #2 
Figure 6.2. Item-person map for Final Forms A and B in Trial #2- no anchors used 
The item-person maps above present the relative difficulties of items found to fit the model 
and the abilities of the students on the same scale. Both tests are considered to have an 
appropriate spread of items for the student cohort tested (as judged by the approximate 
rectilinear distribution of the items). However it should be noted that in Final Form B several 
                                                 
12  Appendix MM: Figures MM.3 and MM.4 provides the item-person maps in a larger format 
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high achieving students were above the range of item difficulties, suggesting the test did not 
provide adequate information about their level of achievement in place value. This supports 
the prediction noted in the test blueprint that the test would have a ceiling (see Section 3.2.1). 
Despite this, both Final Forms A and B were found to have an item reliability estimate of 0.96 
and are considered to be internally consistent tests in their own right. 
In order to determine whether Final Forms A and B measured a common construct, Run B1 
was completed (see Section 3.16.2). Run B1 involved the use of a common anchor file to link 
both forms of the test. The anchor file was created from the Final Form A Trial #1 (61 items) 
test data because it had the equal highest reliability estimate (0.97) (of the four tests presented 
in Section 6.1.1) and its items covered a greatest range of difficulty (10.41 logits). Figure 6.3 
below shows the item-person map created for Final Forms A and B in both Trial #1 and #2 
using anchoring13. 
 
 
The anchor file: Final Form A Trial #1 (see Figure 6.1) Final Form B Trial #1 using anchor 
                                                 
13  Appendix MM: Figures MM.5 to MM.7 provides the item-person maps in a larger format 
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Final Form A Trail #2 using anchor Final Form B Trial #2 using anchor 
 
Figure 6.3. Item-person maps for Final Forms A and B in Trial #1 and Trial #2 (using 
anchoring) 
The item-person maps above show that the items that were found to fit the Rasch model on 
Final Forms A and B in Trial #1 and Trial #2 can all be located on a common logit scale. This 
provides evidence that they address the same uni-dimensional place value construct. As 
described in Section 3.16.2, in order to investigate the internal consistency of the tests when 
anchoring was used, the item estimate statistics from Run B1 were analysed. Figure 6.4 
provides the summary of item estimates for each of the four tests shown in the figure above. 
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Final Form A Trial #1 Final Form B Trial #1 using anchor 
 
 
Final Form A Trial #2 with anchor Final Form B Trial #2 with anchor 
Figure 6.4. Summary of item estimate statistics for Trial #1 and #2, Final Forms A and B 
with anchoring 
With reliability measures all above 0.97 these data further confirm that both Final Forms A 
and B of the PVAT are internally consistent tests of place value in Years 3 to 6. However, as 
noted in Section 4.9.1, tests which cover a wide range of year levels often show higher 
estimates of internal consistencies than within-year level tests (R. Thorndike & Thorndike-
Christ, 1997). As such the reliability estimates for each year level (using the Final Form A 
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Trial #1 data) were gathered in Rasch analysis Run D1 (see Section 5.4). Table 6.1 
summarises these data. 
Table 6.1. Within-year level Rasch item reliability estimates for PVAT 
Year Level Rasch Item Reliability Estimate 
Three (n =  32) 0.93 
Four (n =  36) 0.94 
Five (n =  27) 0.88 
Six (n =  23) 0.72 
 
The table above shows that the internal consistency of the PVAT for Year 3, 4 and 5 students 
is substantively higher than for Year 6 students. This is to be expected considering that, as 
noted above, there are fewer items at the upper range of item difficulty, where the 
achievement of the Year 6 students is likely to lie. It is important for teachers to be aware of 
the possible inadequacies of assessing student knowledge with the PVAT, particularly in Year 
6. These possible inadequacies are further evident in the case estimate statistics for the tests 
(see Figure 6.5 below). 
  
Trial #1 Form A Trial #1 Form B 
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Trial #2 Form A Trial #2 Form B 
Figure 6.5. Summary of case estimate statistics for Trail #1 and #2, Final Forms A and B 
with anchoring. 
The summary of case estimates shows that the four anchored tests have a mean of between 
1.04 and 1.64. Considering the ‘perfect’ test would yield a case estimate mean of 0 and have a 
range of item difficulties that matched the range of student achievements, this suggests that 
overall the students at School A found the test comparatively easy. In Pilot #2, the case 
estimate data suggested that Forms C and D of the test (see Section 4.9.2) were a very close 
match to the student sample, with case mean statistics close to the ‘perfect’ zero. The 
differences between the School A and B PVAT case estimates may be explained by the 
student populations at each school. School A had a substantively lower percentage of 
Language Background Other than English (LBOTE) students compared to School B (83% 
compared to 13%—see Section 4.6 and 5.2). It is important to note that these case estimates 
are not considered cause for concern but are merely indicative of the need to trial the test at a 
wider range of schools. 
In summary, the data presented above provides further evidence of the internal consistency of 
Final Forms A and B and demonstrate that the two forms of the test address a common 
construct. Section 6.1.2 presents the data used to determine whether the tests are comparable. 
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6.1.2 Comparability of the Test Forms 
As described in Section 3.16.2, in order to determine if Final Forms A and B of the PVAT 
were comparable in difficulty the mean of item difficulties for the unique and common items 
were calculated. Unique Final Form A items were those which were used only in Final Form 
A. Unique Final Form B items were items which were only used in Final Form B. Common or 
anchor items were those items which appeared in both Final Forms A and B of the PVAT. 
The unique and common item difficulties were compared in both Trial #1 (September) and 
Trial #2 (December). The mean and standard deviation of item difficulties for each were 
calculated and these are graphically shown in Figure 6.6. 
 
Figure 6.6. Comparison of common and unique PVAT items. 
This figure shows that the unique and common items on both Final Forms A and B of the test 
in Trial #1 and Trial #2 are in the same range and have comparable ranges of difficulty. This 
provides evidence that the tests are parallel or equivalent, a necessary characteristic of 
formative tests (see Section 2.5.2). Yet these results assume that Group One14 and Group 
                                                 
14  Students who completed Final Form A in Trial #1 and Final Form B in Trial #2 
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Two15 students are equivalent in their achievement. Therefore, as described in Section 3.16.2, 
the mean and standard deviation of the student achievement of Group One and Group Two in 
Trial #1 was calculated (measured in logits). Table 6.2 presents the Effect Size estimate of the 
difference in the achievement of these groups. 
Table 6.2. Effect Size estimates of student achievement of Group One and Group Two 
students in Trial #1. 
 
Final Form A (n = 115) 
Group One 
Final Form B (n = 112) 
Group Two 
Mean logit score 1.46 1.28 
Mean Difference 0.18 
Standard Dev. 1.72 1.38 
Pooled Std. Dev. 1.52 
Effect Size (Std error) 0.12 (0.13) 
Descriptor Very Small (Izard, 2004) 
 
The Effect Size measure calculated for the comparison of Group One and Group Two was 
calculated to be 0.12. This is described as a “very small (0.00 to 0.14)” (Izard, 2004, p. 8) 
magnitude of Effect Size. This data provides evidence that there was very little difference 
between the achievement of Group One and Group Two students in Trial #1. 
As detailed in Section 3.16.2, the Effect Size of students’ improvement over the ten-week 
teaching period between Trial #1 and Trial #2 was also calculated in order to provide further 
confirmation of the comparability of the PVAT test forms. The mean and standard deviation 
of the student achievement of Group One and Group Two was calculated (measured in logits). 
Table 6.3 shows the Effect Size improvement of Group One and Group Two from Trial #1 to 
Trial #2 (a graphical representation of these data is shown in Appendix NN). 
                                                 
15  Students who completed Final Form B in Trial #1 and Final Form A in Trial #2 
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Table 6.3. Effect Size estimate for the improvement in Group One and Group Two from 
Trial #1 to Trial #2 
Group One Trial #1 Final Form A (n = 115) Trial #2 Final Form B (n = 115) 
Mean logit score 1.46 1.81 
Mean Difference 0.35 
Standard Dev. 1.72 1.76 
Pooled Std. Dev. 1.74 
Effect Size (Std error) 0.20 (0.13) 
Descriptor Small (Izard, 2004) 
Group Two Trial #1 Final Form B (n = 112) Trial #2 Final Form A (n = 112) 
Mean 1.28 1.67 
Mean Difference 0.39 
Standard Dev. 1.37 1.51 
Pooled Std. Dev. 1.44 
Effect Size (Std error) 0.27 (0.13) 
Descriptor Small (Izard, 2004) 
 
The Effect Size measure calculated for the improvement in Group One was 0.2, while the 
Effect Size measure calculated for the improvement in Group Two was 0.27. Both these Effect 
Sizes are considered to be in the “small (0.15 to 0.44)” (Izard, 2004, p. 8) range of Effect 
Size. This suggests that over the ten-week period both groups improved a similar amount. 
In summary, considering the random allocation of students and the counter-balanced nature of 
the trial, one would expect students in Group One and Group Two to have comparable 
achievement in Trial #1 and improve the same amount over the ten weeks as a result of 
maturation and instruction. The fact that this is reflected in the results of both groups, coupled 
with the evidence that the tests have a similar range of item difficulties, provides evidence 
that Final Forms A and B are comparable. 
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6.2 Student Improvement 
This Section provides evidence to address the following sub-research question: To what 
extent can the PVAT be used to measure student improvement over time? 
In order to answer this question evidence gathered in Phase Three is presented. Firstly the 
improvement of all students is reported, followed by the improvement measured within each 
year level cohort on the PVAT. Finally the achievement of Year 2 to 6 students is reported in 
order to highlight the progression students make in place value through each year level. (It is 
important to note that throughout this Section and Section 6.3 the student achievement data 
from Group One and Group Two were merged as Section 6.1.2 provided evidence that the 
two groups were comparable.) 
6.2.1 All Students 
As described in Section 3.16.3, the improvement of all students in the ten weeks between 
Trial #1 and Trial #2 was compared. The purpose of this was to determine whether 
improvement could be measured by the PVAT. Using the Rasch analysis data from Run B1 in 
Trial #1 and #2, the mean and standard deviation of all students’ achievement (N = 227) was 
calculated. The improvement in students’ achievement was then compared using Effect Size 
measures (see Table 6.4 below). 
Table 6.4. Effect Size estimates of all students’ improvement from Trial #1 to Trial #2 
 
Trial #1 (N = 227) Trial #2 (N = 227) 
Mean logit score 1.34 1.74 
Mean Difference 0.4 
Standard Dev. 1.55 1.64 
Pooled Std. Dev. 1.6 
Effect Size (Std error) 0.25 (0.09) 
Descriptor Small (Izard, 2004) 
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The Effect Size measure calculated for the improvement in all students in Year 3 to 6 was 
0.25. This Effect Size is described to be a “small (0.15 to 0.44)” (Izard, 2004, p. 8) magnitude 
of Effect Size. This suggests that the PVAT was able to measure improvement in the students, 
an important feature of a formative assessment. The improvement noted in students was most 
likely a result of both the instruction provided to students and the natural maturation that 
occurred over this period (for further discussion see Chapter Seven). 
6.2.2 Year Levels 
As described in Section 3.16.3, the improvement in student achievement within each year 
level between Trial #1 and Trial #2 was investigated. The mean and standard deviation of 
Year 3 students’ (n = 60), Year 4 students’ (n = 67), Year 5 students’ (n = 59) and Year 6 
students’ (n = 41) achievement scores in Trial #1 and Trial #2 were calculated using Run B1 
data. The Effect Size of the change in each cohorts’ student achievement scores was then 
determined. Table 6.5 summarises these data (see Appendix OO for a graphical representation 
of these data). 
Table 6.5. Effect Size estimates of each year level’s student improvement from Trial #1 to 
Trial #2 
Cohort 
Trial #1 Mean logit 
score (Std. Dev.) 
Trial #2 Mean logit 
score (Std. Dev.) Effect Size 
Effect Size descriptor 
(Izard, 2004) 
Year 3 (n = 
60) 
0.37 (1.38) 0.88(1.66) 0.33 Small 
Year 4 (n = 
67) 
1.14(1.43) 1.46(1.50) 0.22 Small 
Year 5 (n = 
59) 
1.61(1.23) 2.06(1.32) 0.35 Small 
Year 6 (n = 
41) 
2.73(1.30) 3.02(1.32) 0.22 Small 
 
The Effect Size measure calculated for the improvement of students in every year level was 
considered to be a “small (0.15 to 0.44)” (Izard, 2004, p. 8) magnitude of Effect Size. This 
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suggests that each year level cohort improved a comparable amount on the PVAT over the 
ten-week teaching block, indicating that place value learning proceeded at a similar rate. 
The table above also provides evidence that the mean logit score of each year level cohort 
increases from Year 3 to 6. For example, in Trial #1, the mean achievement score of Year 3 
students is 0.37, in Year 4 this increases to 1.14, Year 5 to 1.61 and Year 6 to 2.73. Run C1, 
which included the Year 2 students’ data from Trial #2, provides further evidence of the 
increase in student achievement noted in each year level by the PVAT (see Figure 6.7 and 
Appendix PP). 
 
Figure 6.7. Mean student achievement scores of Year 2 to 6 students in Trial #2 
The Figure above provides evidence that there is a Developmental Progression in place value 
across year levels, which is measured by the PVAT. However further longitudinal research is 
required to confirm this progression within cohorts of students as they move through the 
school. 
In summary, the PVAT was used successfully to measure improvement in students at School 
A over a ten-week period. The Effect Size of the improvement was noted to be 0.25, 
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(annualised to approx. ES = 1.0). This is noted to be a substantive improvement in students’ 
place value knowledge. For further discussion see Chapter Seven: Section 7.3.2. 
6.3 Gender 
This Section provides evidence to address the following sub-research question: Does gender 
influence student achievement and/or improvement in place value as measured by the PVAT? 
In order to answer this question, the improvement of males and females is compared. The 
improvement of males and females within each year level is presented also and, finally, the 
achievements of males and females in each year level in Trial #2 are compared. 
6.3.1 Male and Female Improvement 
As detailed in Section 3.16.3, improvement noted by the PVAT in the Year 3 to 6 male and 
female cohorts between Trial #1 and Trial #2 was calculated. Using data gathered in Run B1 
conducted in Trial #1 and Trial #2 the mean and standard deviation of the male (n = 110) and 
female (n = 117) student achievement scores was determined. Effect Size measures were used 
to calculate the improvement. Table 6.6 presents the data for male students. 
Table 6.6. Male students’ improvement in PVAT achievement scores between Trial #1 and 
Trial #2. 
 
Male Trial #1(n = 110) Male Trial #2(n = 110) 
Mean logit score 1.81 2.2 
Mean Difference 0.39 
Standard Dev. 1.41 1.61 
Pooled Std. Dev. 1.51 
Effect Size (Std error) 0.26 (0.14) 
Descriptor Small (Izard, 2004) 
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The Effect Size measure calculated for the improvement of male students was calculated to be 
0.26. This is described to be a “small (0.15 to 0.44)” (Izard, 2004, p. 8) magnitude of Effect 
Size. Table 6.7 presents the data for female students. 
Table 6.7. Female students’ improvement in PVAT achievement scores between Trial #1 
and Trial #2. 
 
Female Trial #1 (n = 117) Female Trial #2(n = 117) 
Mean logit score 0.91 1.32 
Mean Difference 0.41 
Standard Dev. 1.56 1.56 
Pooled Std. Dev. 1.56 
Effect Size (Std error) 0.26 (0.13) 
Descriptor Small (Izard, 2004) 
 
The Effect Size measure calculated for female students’ improvement was 0.26. Looking at 
the male and female data provides evidence that both groups improved a comparable amount 
between Trial #1 and Trial #2. This suggests that gender did not influence the place value 
learning that took place. A graphical representation of these data is shown in Appendix QQ. 
6.3.2 Gender and Year Levels: Improvement and Achievement 
As detailed in Section 3.16.3, the improvement in male and female students across year levels 
was investigated to determine if this factor influenced the learning of students at different 
ages. The mean and standard deviation of the males in each year level (Year 3 to 6) and the 
females in each year level (Year 3 to 6) were calculated for both Trial #1 and Trial #2 using 
the Run B1 Rasch data. The Effect Size of the improvement noted in each group was then 
determined. Table 6.8 presents these data. 
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Table 6.8. Effect Size estimates of student improvement of Males and Females in Year 3 to 
6 from Trial #1 to Trial #2. 
Group 
Trial #1 
Mean logit 
score 
(Std. Dev.) 
Trial #2 Mean 
logit score 
(Std. Dev.) 
Mean logit 
score 
differences 
 Effect Size 
Effect Size 
Descriptor 
(Izard, 2004) 
Year 3 Female (n = 32) -0.29 (1.18) 0.25 (1.48) 0.54 0.4 Small 
Year 3 Male (n = 28) 1.12 (1.20) 1.6 (1.59) 0.48 0.35 Small 
Year 4 Female (n = 32) 0.67 (1.42) 1.13 (1.59) 0.46 0.31 Small 
Year 4 Male (n = 35) 1.57 (1.32) 1.76 (1.38) 0.19 0.14 Very Small 
Year 5 Female (n = 30) 1.28 (1.04) 1.81 (1.06) 0.53 0.5 Medium 
Year 5 Male (n = 29) 1.94 (1.34) 2.32 (1.52) 0.38 0.26 Small 
Year 6 Female (n = 23) 2.41 (1.34) 2.42 (1.14) 0.01 0.01 Very Small 
Year 6 Male (n = 18) 3.14 (1.14) 3.79 (1.15) 0.65 0.57 Medium 
 
The table above shows that the Year 3 males and females improved a similar amount over the 
ten weeks. In Year 4 and 5 the females improved a small amount more than the males. 
However in Year 6 the males improved substantively more than the female cohort. The Year 
6 females made almost no improvement over the teaching period.  
Despite Year 4 and 5 females improving more than their male counterparts, the female cohort 
never manages to reach the mean student achievement levels of their male peers. To highlight 
this further, the Effect Size difference between males and females achievement across each 
year level from Year 2 to 6 is presented in Table 6.9 (see Appendix RR for a graphical 
representation of these data). For this analysis the Year 2 to 6 students’ achievement score 
from their first attempt at the PVAT was used. For Year 3 to 6 students, their first attempt was 
Trial #1 (Using Run B1 data) while for the Year 2 students it was Trial #2 (Using Run C1 
data). Using this data set meant that no results were contaminated by the possible practice 
effects of completing the test on a second occasion. 
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Table 6.9. Effect Size estimates of student achievement between males and females in Year 
2 to 6 
Cohort 
Mean logit score (Std. 
Dev.) of student 
achievement on first 
attempt at PVAT 
Effect Size measure of 
males compared with 
females within year level 
Effect Size descriptor 
(Izard, 2004) 
Year 2 Female (n = 40)* 
Year 2 Male (n = 32)* 
-0.86(1.11)* 
-0.07(1.55)* 
0.60 Medium* 
Year 3 Female (n = 32) 
Year 3 Male (n = 28) 
-0.29 (1.18) 
1.12 (1.20) 
1.19 Large 
Year 4 Female (n = 32) 
Year 4 Male (n = 35) 
0.67 (1.42) 
1.57 (1.32) 
0.66 Medium 
Year 5 Female (n = 30) 
Year 5 Male (n = 29) 
1.28 (1.04) 
1.94 (1.34) 
0.55 Medium 
Year 6 Female (n = 23) 
Year 6 Male (n = 18) 
2.41 (1.34) 
3.14 (1.14) 
0.58 Medium 
*first attempt of PVAT was in Trial #2 
The table above shows that in each year level female students had a lower level of 
achievement on the PVAT compared with males. This provides evidence that males have a 
higher level of place value understanding than females in Years 2 to 6. While the substantive 
differences between male and female achievement on the PVAT has important implications 
for teaching and learning place value it is necessary to note that the sample sizes in this 
analysis are relatively small and, therefore, additional investigation into this area is required 
before further inferences are made. 
In summary, the findings presented in this Section suggest that males and females improved a 
comparable amount on the PVAT between Trial #1 and Trial #2. However, the achievement of 
males on the PVAT was substantively higher than females both generally and within each year 
level in both Trial #1 and Trial #2. This issue is further discussed in Chapter Seven: Section 7.3.3 
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6.4 The Seven Aspects of Place Value 
This Section provides evidence to address the following sub-research question: Are the seven 
aspects of place value (calculate, compare/order, count, estimate, make/represent, name/record 
and rename) necessary and sufficient to describe place value? 
In this Section a colour coded item-person map is used to explore the presence and range of 
the seven aspects as measured by the PVAT. 
6.4.1 Presence and Range 
As described in Section 5.5, the items on the Trial #1 Final Form A item-person map were 
colour-coded according to the aspect of place value they addressed. This analysis provided 
evidence on the presence and range of items addressing each aspect within the test. Figure 6.8 
presents the colour coded item-person map. 
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Key: 
Place Value Aspect Colour used to highlight item 
Rename Red 
Make/Represent Orange 
Count Pink  
Compare/Order Blue 
Calculate Green 
Name/Record Yellow 
 
Figure 6.8. Trial #1 Final Form A item-person map colour coded. 
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Firstly, this item-person map provides evidence that the calculate, count, compare/order, 
make/represent, name/record and rename aspects that were identified in Chapter Two: Section 
2.3.8 are all a necessary part of the place value construct. The map also shows that no estimate 
items fit the Rasch model, supporting the findings of Pilot #1 and Pilot #2 (see Section 4.12.2). 
For these reasons the item-person map provides empirical evidence of the presence of six 
aspects of place value. The importance of the six aspects and the implications they have for 
teaching place value are discussed in Chapter Eight, while the possible reasons the estimate 
aspect did not address the construct of place value are discussed in Chapter Seven: Section 7.7.1 
The item-person map above shows that within each aspect there are at least eight items on 
Final Form A. This provides evidence that the PVAT provides a comprehensive assessment 
not only of place value generally but also students’ knowledge of its individual aspects. It can 
also be said that the PVAT provides a range of item difficulties within each aspect. That is, 
there are easy, medium and hard items addressing each aspect, but the aspects appear to have 
their own natural range. For example, the range of the rename items tends towards the upper 
logits, while the range of the name/record items tends towards the lower end of the scale. This 
suggests the presence of inherent difficulties in some aspects, particularly rename and thus 
implies its importance. This is further discussed in Chapter Seven: Section 7.6.2. 
In summary, the results presented in this Section provide empirical evidence that six aspects 
of place value are necessary parts of this construct. 
6.5 Major Research Question Two 
This Section addresses the major research question: Can a comparable online version of the 
Place Value Assessment Tool (PVAT) be created and validated? 
In order to answer this question, evidence gathered in Phase Two (a) Rasch analyses is 
presented. Firstly, Rasch modelling data are used to illustrate that the PVAT and the PVAT-O 
are both internally consistent. Next Rasch modelling illustrates that the PVAT and PVAT-O 
address a common construct. Finally an analysis of the item difficulties in each form 
illustrates the comparability of the test forms. 
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6.5.1 Internal Consistency 
As detailed in Section 4.18, tests Run A and Run B were conducted to determine whether the 
PVAT and PVAT-O Final Forms A and B were internally consistent. The purpose of these 
Runs was to determine whether the items on the PVAT and PVAT-O independently fit the 
Rasch model and for this reason no anchoring was used. As noted in Section 5.1.4 only 
students who had completed both the PVAT-O and the PVAT (N = 227) were included in 
these analyses. Figure 6.9 shows the item-person maps created. 
  
PVAT (no anchoring) PVAT-O (no anchoring) 
Figure 6.9. PVAT and PVAT-O item-person maps created in Run A and B. 
The item-person maps above present the relative difficulties of items found to fit the model 
and the abilities of the students on the same scale. Both tests are considered to have an 
appropriate spread of items for the student cohort tested (as judged by the approximate 
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rectilinear distribution of the items). Runs A and B found that both tests had an item reliability 
estimate of 0.99 indicating they were internally consistent tests in their own right. 
6.5.2 Common Construct 
In order to determine whether the PVAT and PVAT-O were measuring a common construct 
Run C was conducted (see Section 4.18). Run C involved the use of a common anchor file to 
link both forms of the test. The PVAT test data were used to create the anchor file for this Run 
as these items were considered to be more reliable than the previously untried PVAT-O items. 
Figure 6.10 below shows the item-person map created in Run C. The PVAT-O items are shown 
on the left of the item-person map and for identification purposes have an ‘o’ after their item 
number, while the PVAT items are shown on the right and have a ‘p’ after their item number. 
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Figure 6.10. Run C PVAT-O and PVAT item-person map 
After checking the fit of items to the Rasch model, this item-person map shows the relative 
difficulties of the items and abilities of the students on the same scale. This map provides 
evidence that the tests are measuring the same uni-dimensional construct of place value. 
Furthermore, with item reliability estimates of 0.99, the tests were found to be internally 
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consistent. Both tests have a suitable spread of items in the low and mid-range of student 
achievement. However, there are several students with achievement scores above the range of 
items on the tests. This suggests that on both tests, these high achievement students do not 
have sufficient items around their level of skill for the test to be an accurate estimate of their 
knowledge in place value. 
6.5.3 Comparability of the Test Forms 
As described in Section 4.18, the mean and standard deviation of the PVAT (n = 65) and 
PVAT-O (n = 59) items which fit the model in Run C was calculated in order to determine if 
the PVAT and PVAT-O can be considered comparable tests. Effect Size measures were used 
to compare the magnitude of difference in item difficulty between the two tests (see Table 
6.10). 
Table 6.10. Effect Size Estimates for Items by PVAT Administration Mode (using Run C 
data) 
 
PVAT items (n= 65) PVAT-O items (n = 59) 
Mean logit score  0.00 0.35 
Mean Difference 0.35 
Standard Dev. 2.58 2.29 
Pooled Std. Dev. 2.45 
Effect Size (Std error) 0.14 (0.18) 
Descriptor Very Small (Izard, 2004) 
 
The Effect Size measure calculated for the comparison of the PVAT and the PVAT-O was 
calculated to be 0.14. This is described to be a “very small (0.00 to 0.14)” (Izard, 2004, p. 8) 
magnitude of Effect Size. This suggests that there was not a substantive difference between 
the mean of item difficulties in the two modes of administration. While beyond the scope of 
this research, at an item level some items appeared to display a mode difference. That is, they 
were substantively more or less difficult in one mode compared to the other, these items are 
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highlighted in Figure 6.10 above. A summary of the data related to these items is presented in 
Appendix SS. 
As detailed in Section 5.1.4, in order to further confirm the comparability of the tests and, 
another Rasch analysis (Run D) was conducted. The data from this Run were used to compare 
student achievement on the PVAT and the PVAT-O. Table 6.11 presents the mean, standard 
deviation and Effect Size estimates of these calculations. 
Table 6.11. Effect Size estimates for difference in student achievement by PVAT 
administration mode  
 
PVAT-O (N = 226) PVAT (N = 226) 
Mean logit score 1.43 1.45 
Mean Difference 0.02 
Standard Dev. 1.80 1.94 
Pooled Std. Dev. 1.87 
Effect Size (Std error) 0.01 (0.09) 
Descriptor Very Small (Izard, 2004) 
 
The Effect Size measure was calculated to be 0.01. This is described to be a “very small (0.00 
to 0.14)” (Izard, 2004, p. 8) magnitude of Effect Size. This suggests that there was not a 
substantive difference between students’ achievement on the PVAT and the PVAT-O. This is 
to be expected considering the tests were shown to be comparable in difficulty in Table 6.10. 
Finally, as detailed in Section 5.1.2, the time taken for each student to complete the PVAT 
and PVAT-O tests was recorded by the researcher. The purpose of this was to provide further 
evidence of the comparability of the modes. Table 6.12 presents the mean and standard 
deviation of the duration of each mode and the range of time taken to complete the tests in 
minutes. 
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Table 6.12. Mean Duration and Range of PVAT and PVAT-O test administration time 
 PVAT PVAT-O 
Mean Duration (Std. Dev)  32.43 minutes (9.67) 36.80 minutes (7.42) 
Range 15 to 57 minutes 15 to 49 minutes 
 
The table above suggests that the PVAT-O took slightly longer than the PVAT for students to 
complete. The reasons associated with this difference are further discussed in Chapter Seven: 
Section 7.8. 
In summary, Section 6.5 has shown that a comparable online version of the PVAT assessment 
tool was created and found to be internally consistent. 
6.6 Audio Assist 
This Section provides evidence to address the following sub-research question: To what 
extent can PVAT-O users be supported by the audio assist feature? 
In order to answer this question, the frequency of use of the audio assist feature is presented, 
then the profile of the audio assist users is explored, and finally the link between audio assist 
and achievement is detailed. Throughout this Section it is important to note that students were 
asked to manually record the number of times they used the audio assist feature. As such, a 
degree of inaccuracy may be involved in this primary data source. 
6.6.1 Frequency 
The PVAT-O platform was designed to provide students with an inbuilt audio assist button on 
each item. The purpose of this feature was to allow students to click on the button to hear a 
recording of the item being read aloud to them (see Section 4.15.1). The results collected 
indicate that 104 (46%) of the 227 students who completed the PVAT-O used the audio assist 
at some point throughout the test. The average number of items students used audio assist on 
was 3.79 items (SD = 3.5) and the range was 1 to 23 items. This suggests that although the 
feature was used by around half of the students it was commonly only used on a small sample 
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of items. Nonetheless the range of usage suggests that some students did access the feature on 
a substantive number of items, confirming the usefulness of its inclusion in the test. 
6.6.2 Profile of Users 
As described in Section 4.16 the profiles of the 104 students who indicated they had used 
audio assist feature were investigated. This analysis was conducted in order to gain an 
indication of any commonalities among these students that may indicate a bias towards the 
feature. The first characteristic that was investigated was the year level and gender of the 
users (see Table 6.13). 
Table 6.13. Year Level and Gender of ‘audio assist users’ group 
Year Female Male Total 
Three 15 13 28 
Four 17 15 32 
Five 15 13 28 
Six 9 7 16 
Total 56 48 104 
 
The Table above suggests that overall slightly more females than males used audio assist but 
there is no clear bias towards either gender in the users group. In terms of year levels, Year 3, 
4 and 5 students used the feature in similar numbers (28 to 32 students) whereas only 16 Year 
6 students indicated using the feature. This may be due to an increase in reading proficiency 
as students progress through the school. 
6.6.3 Link Between Audio Assist Use and Achievement 
As described in Section 4.18, in order to determine if students’ use of the audio assist 
influenced their achievement on the PVAT-O, the student achievement scores of the audio 
assist users group (N = 104) was compared with the other students (N = 122). Firstly the 
PVAT test results were used so both groups of students’ achievement without the audio assist 
function could be compared. The mean and standard deviation of each group’s student 
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achievement scaled score from Run C was calculated. Table 6.14 presents the Effect Size 
difference between the two groups’ achievement on the PVAT. 
Table 6.14. Effect Size estimate for ‘audio assist’ users group and ‘other’ Students’ 
achievement on PVAT 
 
Audio Assist Users(n = 104) Other Students (n = 122) 
Mean logit score 0.49 1.75 
Mean Difference 1.26 
Standard Dev. 1.59 1.8 
Pooled Std. Dev. 1.71 
Effect Size (Std error) 0.74 (0.14) 
Descriptor Medium (Izard, 2004) 
 
The Effect Size difference between the student achievement of the audio assist users and the 
other students on the PVAT was 0.74. This is described to be a “medium (0.45 to 0.74)” 
(Izard, 2004, p. 8) magnitude of Effect Size. This suggests that the audio assist users group 
had a substantively lower level of student achievement on the PVAT compared to those who 
chose not to seek the assistance of the feature. This provides evidence that the audio assist 
was generally used by those students who struggle with PVAT test content. Appendix AT 
shows a graphical representation of these data. 
The achievement of this group on the PVAT and the PVAT-O was compared in order to 
determine if using the audio assist feature helped those students who utilised it. Table 6.15 
shows the Effect Size difference between the audio assist users’ mean student achievement 
when the completed the PVAT compared to when they completed the PVAT-O. 
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Table 6.15. Effect Size difference between the ‘audio assist users’’ PVAT and PVAT-O 
mean achievement score. 
(n = 104) PVAT PVAT-O 
Mean logit score 0.49 0.57 
Mean Difference 0.08 
Standard Dev. 1.59 1.54 
Pooled Std. Dev. 1.57 
Effect Size (Std. error) 0.05 (0.14) 
Descriptor Very small (Izard, 2004) 
 
The Effect Size measure suggests that there is no substantive difference between the audio 
assist users’ achievement on the PVAT-O and PVAT. A similar comparison was conducted 
for those who did not report using audio assist. Table 6.16 presents these data. 
Table 6.16. Effect Size difference between the PVAT and PVAT-O mean achievement 
scores of those who did not use ‘audio assist’. 
(n = 122) PVAT PVAT-O 
Mean logit score 1.75 1.61 
Mean Difference 0.14 
Standard Dev. 1.8 1.73 
Pooled Std. Dev. 1.77 
Effect Size (Std. error) -0.08 (0.13) 
Descriptor Very small (Izard, 2004) 
 
Again, no substantive difference was found between the achievement of these students on the 
PVAT and PVAT-O. However, when one compares the Effect Sizes from Table 6.15 and 
6.16, it is interesting to note that the audio assist users perform slightly better on the PVAT-O 
compared to their achievement on the PVAT, while those who did not use the feature 
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performed slightly worse on the PVAT-O compared to the PVAT. This suggests that in some 
small way the audio assist feature may have assisted its users. 
In summary, the evidence presented in this Section suggests that to some extent the audio 
assist feature can assist PVAT-O users, particularly the low achieving students. While the 
audio assist feature was not used by all students, those who used the feature performed 
slightly better on the PVAT-O than they did on the PVAT. The implications of the audio 
assist feature are discussed further in Chapter Seven: Section 7.8.1. 
6.7 Affective Influence 
This Section provides evidence to address the following sub-research question: What is the 
affective influence of mode preference on teachers’ and students’ opinions of the PVAT-O? 
In order to answer this question evidence from the teacher and student surveys is integrated 
with the Rasch data collected in Run C. Firstly, the preferred mode of students is reported and 
year level and gender bias data are presented, then the link between achievement and mode 
preference is explored in the context of gender. Finally the teachers’ preferred mode of 
testing is presented. 
6.7.1 Preferred Mode of Students 
As detailed in Section 5.1.3, after completing both the PVAT and PVAT-O each student was 
asked to complete a brief student survey related to their preferred mode of PVAT testing. The 
purpose of this survey was to determine the students’ preferred mode of assessment and the 
survey provided a space for students to express the reasons for their preference. The survey 
data from N = 201 student surveys were analysed. The data show that 55% (n = 111) of 
students indicated that they preferred the PVAT-O. These data suggest that overall students 
did not display a substantive preference towards either the PVAT or the PVAT-O. 
From the 55% (n = 111) of students who indicated they preferred the online version of the 
test, the following reasons the most common: 
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● ‘It’s easier to see the graphics’ 
● ‘I like using computers more’ 
● ‘You can listen to the question if you get stuck’ 
● ‘It’s more fun on the computer’ 
From the 45% (n =  90) of students who preferred the PVAT, the following reasons were the 
most common: 
● ‘It takes longer on the computer’ 
● ‘You can do more working out when you have it on paper in front of you’ 
● ‘The computer is frustrating’ 
● ‘You can lose all your answers on the computer’ 
These responses provide important insights into the opinions of students in relation to each 
mode. They provide examples of considerations test developers must address to ensure 
students feel comfortable using computer-based assessments. This is discussed further in 
Chapter Seven: Section 7.8.2. 
To determine whether there was any particular year-level group of students with a strong 
preference for one mode of PVAT testing over another, the responses of several different 
cohorts of students to the student survey were analysed. Table 6.17 presents students’ mode 
preference data sorted according to year levels. 
Table 6.17. Student preferred PVAT testing mode by year level 
Year Level PVAT-O PVAT Total 
Three 28 (55%) 23 (45%) 51 
Four 25 (58%) 18 (42%) 43 
Five 30 (54%) 26 (46%) 56 
Six 28 (55%) 23 (45%) 51 
Total 111 90 201 
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This table suggests there is no substantive difference in students’ preferred mode of PVAT 
testing within or between year levels. This suggests that age does not influence students’ 
mode preference. Table 6.18 presents students’ mode preference data sorted according to 
gender. 
Table 6.18. Student Preferred PVAT testing mode by gender 
Mode PVAT-O PVAT Total 
Male 58 (66%) 30 (34%) 88 
Female 53 (47%) 60 (53%) 113 
Total 111 90 201 
 
This table suggests that males indicated a substantive preference for the PVAT-O mode of 
delivery (66%), whereas females do not show a clear preference for either mode. Considering 
that very little difference was found in students’ mode preference according to year level but 
there were substantive differences when gender was considered, each year level group was 
sorted by gender (see Table 6.19). A graphical representation of these data is presented in 
Appendix UU. 
Table 6.19. Student Preferred PVAT testing mode by year level and gender 
Year Level Male PVAT-O Male PVAT Female PVAT-O Female PVAT Total 
Three 16 (80%) 4 (20%) 12 (49%) 19 (61%) 51 
Four 11 (73%) 4 (27%) 14 (50%) 14(50%) 43 
Five 14 (58%) 10 (42%) 16 (50%) 16 (50%) 56 
Six 17 (58%) 12 (42%) 11 (50%) 11(50%) 51 
 58 30 53 60 201 
 
This table suggests that males in Year 3 and 4 show a substantive preference for the PVAT-O 
compared to the PVAT (80% and 70% respectively). Females, apart from Year 3 where 61% 
prefer the PVAT, show no preference for either mode. While the size of each cohort suggests 
RESULTS 
248 
these results need to be confirmed through further research it can be said that younger males 
showed a clear preference for online assessment. 
6.7.2 Link Between Gender and Achievement 
As detailed in Section 5.1.4, in order to determine if students’ gender influenced their 
achievement on either test the mean difference between the mean of student achievement of 
all students, male students and female students on the PVAT and the PVAT-O was calculated 
(using Run D data). Table 6.20 presents this analysis. 
Table 6.20. Mean student achievement scores for male students, female students and all 
students on PVAT and PVAT-O 
 
Mean PVAT Student 
Achievement Logit 
Score (Std.Dev.) 
Mean PVAT-O Student 
Achievement Logit 
Score (Std.Dev.) Mean Difference 
All students (N = 226) 1.45 (1.94) 1.43 (1.80) -0.02 
Female Scores (n =  122) 0.92 (1.61) 0.90 (1.43) -0.02 
Male Scores (n = 104) 2.07 (2.11) 2.04 (1.99) -0.03 
 
It can be seen that overall both males and females performed slightly better on the PVAT than 
the PVAT-O. This suggests that the assessment mode had negligible effect on the 
achievement scores of each gender. It can also be noted that despite showing a preference for 
the PVAT-O (see Table 6.18) the scores of male students were not substantively better in this 
mode compared to their PVAT results. This suggests that mode preference did not influence 
student achievement of each mode. Despite this, the data in the table above suggests that there 
was a substantive difference in the student achievement scores of males and females in both 
modes. That is, males performed better than females on both the PVAT and the PVAT-O. For 
example, the mean student achievement logit score for males on the PVAT was 2.07 
compared with 0.92 for females. As such, Effect Size measures were used to compare these 
gender differences. These results are presented in Table 6.21. As Table 6.20 suggested very 
little difference between the students’ PVAT and PVAT-O results, this calculation was only 
conducted for the PVAT. 
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Table 6.21. Effect Size difference between the males and females on the PVAT test 
PVAT Male (n = 104) Female (n = 122) 
Mean 2.07 0.92 
Mean Difference 1.15 
Standard Dev. 2.11 1.61 
Pooled Std. Dev. 1.86 
Effect Size (Std. error) 0.62 (0.14) 
Descriptor Medium (Izard, 2004) 
 
The Effect Size measure was found to be 0.62 suggesting that the male cohort performed 
substantively better on the PVAT compared to females at School C on the PVAT, in turn 
suggesting that males had a better knowledge of place value. This evidence supports the 
gender findings presented in Section 6.3, and is discussed further in Chapter Seven: Section 
7.7.3. 
6.7.3 Teacher preferred mode 
As detailed in Section 5.1.3, the class teachers (N = 7) at School C completed a brief survey 
asking them to indicate their preferred mode of administration for the PVAT. Five teachers 
preferred the PVAT-O, while two preferred the PVAT. The teachers were asked to indicate 
the reasons for their preference. The five teachers who indicated they preferred the PVAT-O 
mode provided the following reasons: 
● ‘It will save me correcting it all’ 
● ‘The results are immediate and I can use them the next day in my teaching’ 
● ‘If the computers all work, online is much better’ 
● ‘I don’t have to correct it’ 
● ‘The corrections would save me a lot of time and effort’ 
● ‘I can use the results tomorrow’ 
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The two teachers who indicated they preferred the PVAT mode provided the following 
reasons: 
● ‘Correcting them myself gives me a sense of each child’s understanding’ 
● ‘I am always concerned the computers will break down and students will lose their 
responses’ 
Again, the small sample size of teachers completing this survey limits the inferences that can 
be made from the data, but within this group of teachers there is a clear preference for the 
PVAT-O mode of test administration. The implications of these results in relation to the 
introduction of online testing in schools are further discussed in Chapter Seven: Section 7.8.2 
In summary, the affective factor of mode preference does not appear to influence students’ 
achievement on the PVAT or PVAT-O. While males indicated a preference for the PVAT-O 
compared to the PVAT, females showed no preference for either mode. Furthermore from the 
small sample of teachers a clear preference for the PVAT-O was noted. 
6.8 Major Research Question Three 
This Section addresses the major research question: Can a comprehensive evidence-based 
Developmental Progression be created to address the whole number place value knowledge, 
strategies and skills of students in Years 3 to 6? 
Evidence gathered during the construction of the PVAT Developmental Progression in Phase 
Four is presented to answer this question. Firstly the comprehensiveness of the progression is 
discussed in relation to the aspects of place value, then the raw score translator is used to 
demonstrate the teacher-friendly design of the progression. The Kidmaps are then used to 
provide evidence of the authenticity of the progression and finally the PVAT progression is 
used to explore the accuracy of describing place value progression in terms of number size. 
6.8.1 Comprehensiveness 
As described in Section 5.5, the four PVAT stages were shown on a colour-coded item-person 
map. The purpose of this was to confirm that an accurate assessment of students’ place value 
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understanding across aspects and stages could be gathered using the PVAT Developmental 
Progression. The item-person map is presented below in Figure 6.11. 
 
Figure 6.11. Trial #1 Final Form A item-person map with four stages of development 
From this map the number of items in each aspect within each stage was summarised. Table 
6.22 presents these data. 
RESULTS 
252 
Table 6.22. Number of PVAT Items in each aspect of place value according to their stage 
(Final Form A Trial #1) 
Stage Count 
Compare/
Order Represent 
Name/ 
Record Rename Calculate Total 
1 2 3 3 3 3 3 17 
2 3 2 2 2 3 4 16 
3 1 1 2 4 2 2 12 
4 3 3 2 0 5 3 16 
Total 9 9 9 9 13 12 61 
 
This table shows that there is a similar total number of items at each stage, (highlighted in 
red). Within each aspect there is an even spread of items across the stages, with most aspects 
having at least two items per stage. Those which don’t are highlighted in yellow. It is 
important to note that in the name/record aspect the absence of items at Stage Four is likely 
because these students appear to have mastered all the skills necessary to answer even the 
most complex name/record items (for further discussion see Chapter Seven: Section 7.4). 
This process was also completed for Trial #1 Final Form B (see Appendix VV). The results 
of both these analyses confirm that a substantive numbers of items and a range of item 
content are in each stage of the PVAT Developmental Progression. This indicates that an 
accurate sample of students’ overall achievement in place value can be gained when using 
these stages. 
6.8.2 Raw Score Translator 
As described in Section 5.5, in order to ensure that the Developmental Progression was 
‘teacher-friendly’ raw score translators were developed. The purpose of these was to provide 
teachers the necessary data to translate their student’s PVAT raw score directly to the 
equivalent PVAT Stage of development. Although the item-person maps shown in Figure 
6.11 and Appendix VV suggest that it may be possible to count the number of items at each 
stage to determine the raw score required to master each Stage, it is important to note that 
these maps only provide approximations of item locations. As such, the logit tables shown in 
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Appendix LL were used to provide an accurate summary of the raw scores for each stage. 
Table 6.23 presents the raw score translator developed for Final Forms A and B in both Trial 
#1 and Trial #2. 
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Table 6.23. PVAT raw scores for each Stage of development 
Stage Trial #1 Final Form A Trial #1 Final Form B Trial #2 Final Form A Trial #2 Final Form B 
1 1 to 20 1 to 13 1 to 11 1 to 14 
2 21 to 31 14 to 22 12 to 19 15 to 25 
3 32 to 44 23 to 36 20 to 31 26 to 39 
4 45+ 36+ 32+ 40+ 
 
The table above shows that each test has its own range of raw scores for the four Stages. For 
example, a score of 1 to 20 in Final Form A Trial #1 is equivalent to Stage One, however a 
range of 1 to 11 is equivalent to Stage One in Final Form A Trial #2. This occurred because 
some items dropped out of the analysis as students made progress, leading some easier items 
from Trial #1 to no longer fit the model in Trial #2. As such, these items were not retained in 
the test or the raw score translator. This meant different translators were required for each of 
the four tests. As such, to ensure accuracy, it is important that teachers use the correct raw-
score translator for the particular test they administer. 
It is also important to note another explanation for the difference in raw scores ranges 
between tests may be because items changed difficulty. That is, an item may have been 
located in Stage Four in Trial #1, but moved to Stage Two in Trial #2 because that particular 
cohort of students found the item easier. Such items would be considered unstable and require 
further investigation. In this study, due to the fact that the link items were anchored in both 
trials and no students completed the unanchored items on more than one occasion, it is not 
possible to detect such changes in item difficulties. For example, Student 127 completed the 
same link (anchored) items in Trial #1 and #2, however they completed the Form A 
unanchored items in Trial #1, and the Form B unanchored items in Trial #2. As such, it is not 
possible to compare this student’s responses on the unanchored items. Thus further 
investigation into this issue is warranted in future PVAT trials. 
When considering the logit tables from which the raw score translators are derived (See 
Appendix LL), it is necessary to make note of the measurement errors associated with each 
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item difficulty threshold and the impact this has on the scores for the relevant Stages. These 
error values highlight the importance of teachers being aware that the raw score values for 
each Stage are not absolute, but more a guide to the approximate location of each student’s 
knowledge. This issue is further discussed in Section 7.1. 
In summary, the raw score translator provides further evidence of the comprehensive nature 
of the PVAT Developmental Progression. The significance of the link between the PVAT 
assessment and the Developmental Progression for teachers is further discussed in Chapter 
Eight: Section 8.2.3 
6.8.3 Kidmaps 
As described in Section 5.3.2, a Kidmap of the PVAT responses of each student who was 
interviewed (with satisfactory audio quality) in Trial #1 was produced and analysed (n = 15). 
These analyses were used to investigate the authenticity of the PVAT Stages using a 
combination of quantitative Rasch data, and qualitative student interview data. Table 6.24 
provides a summary of the 15 students who were involved in this analysis and the PVAT 
Stage determined by their scaled PVAT score. 
RESULTS 
256 
Table 6.24. PVAT Stages of Students interviewed in Trial #1 
Student ID Year Level Gender PVAT stage 
94 3 F 1 
84 3 M 3 
191 4 F 1 
286 4 F 3 
87 4 M 2 
285 4 M 4 
128 5 F 3 
143 5 F 3 
344 5 M 4 
364 5 M 4 
112 6 F 4 
166 6 M 4 
310 6 M 4 
323 6 M 4 
328 6 M 4 
 
The table above suggests that while the majority of students who were involved in this 
analysis were in Stage Three and Four, some were from Stage One and Two. This provided a 
satisfactory range of student data to analyse. As described in Section 5.3.2, items identified to 
be easier not achieved, harder achieved or harder not achieved on each student’s Kidmap 
were analysed (see Appendix FF). Table 6.25 provides an example of a Stage Three student’s 
(Student 143) written and interview response to three items identified as harder not achieved 
in her Kidmap (see Chapter Five: Figure 5.4)16. 
                                                 
16  Researcher’s comments are indicated in red 
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Table 6.25. Student 143’s interview responses to three ‘harder not achieved’ items on Kidmap 
Item  Aspect 
Written 
Response Interview Transcript 
63
 
Make/Represent 490 (Pause 8 seconds) I think it 
represents…(pause 3 seconds) 
999…oh wait no…um…this block 
here [pointing to the flat] is usually 
like 100 and that is usually like 
[pointing to the block] a 1000 block 
but if you…wait…that’s not it…but 
if you half and take off one [half 100 
and take away 1 equals 49]… so I 
think it would be 490. So half [of 
block] is 500 take away ten ‘cause 
this one [the block] is bigger. 
72
 
Rename 569 So do I have to write what number? 
Yes 
Umm (pause 15 seconds) I did 569. 
Um I just put the five hundreds down 
and then I put the 59 tens but there 
were an extra ten ones so I added that 
as a 6 and then I just put down the 9. 
69
 
Compare/Order 40 Ten times smaller would 
be…(pauses 37 seconds) I think it 
would be 40. I got that because if it 
like ten times that I think of kinda 
like a hundred so I just thought if I 
just took off that…off the 400 it 
would just leave 40. 
 
These responses suggest why this student is not yet at Stage Four in her understanding. The 
response to item 63 suggests that she does not yet have the flexibility to apply her knowledge 
of the place value system to models involving bases other than ten. She attempts to relate her 
understandings to the base ten blocks but does so at a literal level, suggesting that she does 
not appreciate the ‘grouping’ idea on which both models are based. The response to item 72 
shows she cannot coordinate different sizes of composite units. While she was able to 
recognise the value of both the 5 ‘hundreds’ and the 10 ‘ones’, she ignored the composite unit 
label ‘tens’ and treated the number as ‘59’. In item 69 she was unable to use multiplicative 
comparison to determine the number ten times smaller than 440. Again, this suggests she is 
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lacking the flexibility and knowledge required for Stage Four thinking. Interpreting the 
Kidmap interview data is this way provided further evidence to clarify the characteristics of 
understanding represented in each PVAT Stage. This led to the creation of a short summary of 
the skills and knowledge that typify student understandings at each stage of development in 
the PVAT. Table 6.26 presents these descriptors. 
Table 6.26. Summary of thinking typified by four stages of development in the PVAT  
Stage Description 
One Stage One thinkers have the face value misconception and/or appear to be independent 
column construct thinkers. These students have little or no understanding of composite units, 
are largely additive thinkers, are familiar with the name-labels of base ten blocks and can 
compare, read and write numbers up to two-digits with relative ease 
Two  In Stage Two, students still display the face value misconception and/or independent column 
construct thinking. Students are beginning to be able to rename, recognising how many ones 
are in composite units of ‘tens’ and ‘hundreds’. In Stage Two, students understand the 
quantity represented by base-ten blocks and are able to identify the number between two 
values 
Three At Stage Three students are beginning to see the relationship between place value columns. 
As such they no longer have the face value or display independent column construct thinking. 
Students are able to appreciate that one ‘hundred’ is a composite unit made from composite 
units of ‘ten’, an important characteristic of a multiplicative thinker. Stage Three students are 
able to use proportional and non-proportional models and recognise canonical and non-
canonical representations in familiar and unfamiliar contexts. 
Four Stage Four students’ thinking is typified by flexible application of place value knowledge. 
Students are able to think multiplicatively and have an appreciation of the relationship which 
underlies the number system at a micro and macro level. Students are able to integrate and 
manipulate composite units of different values when renaming and can interpret a variety of 
models including those involving other bases. 
 
6.8.4 Other Place Value Progressions 
As detailed in Section 5.5, in order to determine whether using the size of numbers was an 
accurate way to describe progress in place value, an analysis of the PVAT items by their 
number magnitude was conducted. The items in the Final Forms A and B PVAT item-person 
map from Trial #1 were colour-coded according to the magnitude of numbers they involved. 
For example, Item ‘3p3p’ required students to ‘write the digit ‘5’ in words’. This item was 
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classified as involving single digit numbers. Figure 6.12 shows the resulting item-person 
maps17.  
 
 
 
Final Form A Trial #1 Final Form B Trial #2 (anchored) 
 
Key: 
Magnitude of numbers Colour used to highlight item 
Five-digit numbers and beyond Red 
Four-digit numbers Blue 
Three-digit numbers Green 
Two-digit numbers Yellow 
Single-digit numbers Pink 
 
Figure 6.12. PVAT items colour coded according to the magnitude of numbers they involve 
                                                 
17  Larger version of these item-person maps are included in Appendices WW and XX 
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It can be seen that on Final Form A Stage One included items that involved one- to four-digit 
numbers, Stage Two involved numbers above two-digits and Stage Three and Four numbers 
above three-digits. However in Final Form B there is an even greater spread of items. Stage 
One on Final Form B includes items that involve one to five-digits, while Stage Two, Three 
and Four include items with numbers above two-digits. This suggests that students can 
successfully manipulate large numbers even in Stage One. This provides evidence that 
describing student’s progression in place value solely according to the size of the numbers is 
inaccurate. 
It can be seen that students’ place value knowledge is influenced heavily by the 
understanding required to manipulate numbers. For example, a red item involving five-digit 
numbers was located in Stage One in Final Form B (i.e., circle the largest number: 34 011; 34 
101; 34 001). This item required students to compare five-digit numbers. Yet other examples 
of five-digit compare items in this form were found to be in Stage Three and Four of the 
PVAT progression. This suggests that progression in place value is context-dependent. This 
provides further evidence to support the authenticity of basing the PVAT progression on 
students’ underlying understanding of the construct. This finding has significant implications 
for the use of place value frameworks and curriculum documents based solely on the size of 
numbers. This issue is further discussed in Chapter Seven: Section 7.6.1 
In summary, this Section provides evidence that a comprehensive ‘teacher-friendly’ evidence-
based Developmental Progression has been created to for Years 3 to 6 students in whole 
number place value. This progression has been further supported by qualitative interview data 
and suggests student progression cannot be described solely by the size of numbers. 
6.9 Minor Question One 
This Section addresses the minor research question: How are the knowledge, skills and 
strategies tested by the place value Section of the Early Numeracy Interview (ENI) aligned 
with the information gathered from the PVAT? 
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Evidence gathered in the Phase One field-test and Phase Three is presented to address this by 
a quantitative comparison of students PVAT and ENI data followed by a qualitative 
comparison of student interview data. 
6.9.1 Quantitative Comparison 
At School A, nine of the students interviewed in the 2010 Phase One field-test (see Section 
3.2.4) were interviewed again in 2012 Trial #1 (see Section 5.3.2). In both 2010 and 2012, 
students were administered the Early Numeracy Interview (ENI) place value Section. The 
results of this assessment were translated into the relevant Growth Point for each student. 
Table 6.27 presents students Growth Point in 2010 and 2012 and a calculation of the 
difference between the Growth Points. 
Table 6.27. Growth Point comparison of students from 2010 to 2012 
Student ID Year Level Gender 
Growth Point 
2010 
Growth Point 
2012 Difference 
112 6 F 5 5 0 
128 5 F 3 3 0 
143 5 F 3 4 +1 
166 6 M 3 5 +2 
310 6 M 3 4 +1 
323 6 M 4 4 0 
328 6 M 5 4 -1 
344 5 M 4 4 0 
364 5 M 5 4 -1 
 
This table shows that between 2010 and 2012 four students remained at the same Growth 
Point, two improved one Growth Point, one student improved two Growth Points and two 
students regressed one Growth Point, suggesting minimal growth over two years in students’ 
place value knowledge. 
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Next, using the results of the Rasch analysis conducted in Section 5.3.3, the scaled PVAT 
student achievement scores from the field test in 2010 and Trial #1 were gathered and 
compared. The purpose of this analysis was to determine the improvement of the nine 
students measured by the PVAT. Table 6.28 presents these data. 
Table 6.28. Comparison of PVAT Scaled Student Achievement scores from 2010 and 2012 
Student ID Year Level Gender 
2010 PVAT 27 
items score 
PVAT score 
Trial #1 
Difference in 
PVAT score 
112 6 F 1.96 3.66 +1.7 
128 5 F -2.00 0.97 +2.97 
143 5 F 0.38 2.11 +1.73 
166 6 M 1.5 3.66 +2.16 
310 6 M 0.38 2.83 +2.45 
323 6 M 1.05 3.57 +2.52 
328 6 M 1.28 2.83 +1.55 
344 5 M 1.73 3.57 +1.84 
364 5 M 1.73 4.29 +2.56 
 
This table shows that all nine students showed substantive improvement in their place value 
understanding between 2010 and 2012 as measured by the PVAT. The range of improvement 
in student achievement scores was found to be between 1.55 and 2.97 logits. This 
improvement is contrary to the small or negative Growth Point improvements noted by the 
ENI over the same time period (see Table 6.27). As noted in Section 5.3.3 the retrospective 
calculation of the 2010 PVAT scaled score should only be considered an indicative score as 
the analysis included only a small number of students and items. Nonetheless the data suggest 
that the ENI and Growth Point Framework may be an incomplete measure of student progress 
in place value. 
Comparing the Growth Point and PVAT data of the 17 students involved in the Trial #1 
student interviews at School A (see Section 5.3.2) provides further evidence. Table 6.29 
shows students in order from lowest to highest Growth Point. Orange has been used to 
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highlight students assessed as being at Growth Point Three (GP3) in Trial #1, blue those at 
Growth Point Four (GP4) and green those at Growth Point Five (GP5). The Table also 
presents each student’s PVAT Stage. 
Table 6.29. Comparison of PVAT score and Growth Point of 17 Year 3 to 6 students in Trial 
#12012 
Student ID Year Level Gender 
Growth Point 
2012 
PVAT score 
(Trial #1) PVAT Stage 
191 4 F 3 -1.43 1 
94 3 F 3 -1.15 1 
383 4 M 3 0.69 2 
128 5 F 3 0.97 3 
84 3 M 3 1.11 3 
87 4 M 4 0.18 2 
385 3 M 4 1.36 3 
286 4 F 4 1.64 3 
143 5 F 4 2.11 4 
310 6 M 4 2.83 4 
328 6 M 4 2.83 4 
285 4 M 4 3.57 4 
323 6 M 4 3.57 4 
344 5 M 4 3.57 4 
364 5 M 4 4.29 4 
112 6 F 5 3.66 4 
166 6 M 5 3.66 4 
 
The Table shows that in category GP3, there are students from Stage One to Three of the 
PVAT, while in GP4 there are students from Stage Two, Three and Four. Considering the 
substantive difference noted in students understanding between the four PVAT Stages, these 
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data suggest that for this group of students the ENI does not distinguish accurately between 
their levels of place value knowledge (as measured by the PVAT). 
6.9.2 Qualitative Comparison 
In order to gain qualitative insights into the progress made over two years by the nine students 
interviewed in Section 3.2.4 and 5.3.2, their interview responses to the 27 unchanged items 
from 2010 to 2012 were analysed. Table 6.30 shows this analysis for Students 364 and 344. 
The final column of the Table summarises the cognitive change judged to have occurred from 
those responses. Responses for the other seven students can be found in Appendix YY. 
Table 6.30. Examples of student responses to selected items in 2010 and 2012 
Student: 364    
Item 2010 Response 2012 Response Change noted 
10 x 23 406 (Item 13) 230 406. 
23 thousand times ten equals 
230 thousand. So you need to 
add a zero to make it hundred 
thousands. Then its 230,406. 
234 060. ‘Cause when you 
times something by ten all 
you just add a digit. 
Timesing ten what happens 
is you are going around ten 
times. Every single sum that 
is timesed by ten is just one 
zero higher. 
Do you know why that is? 
No actually I don’t 
Fluent now with 
rule but still no 
understanding of 
why it works. 
10 x 4 040 (Item 11) 
 
40 040. 
The 40 doesn’t change…The 
hundreds stays as 0…you just 
add a zero in the thousands. 
40 400. I just added the zero. Immediate 
answer. Not 
necessarily 
improvement but 
efficient 
application of 
rote learned rule. 
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Student ID: 344    
Item 2010 Response 2012 Response Change noted 
How many thousands in 
324 567 (Item 24) 
4. I just looked at the thousands 
column and there is 4 in 
it…actually it might be 324… 
No 4 thousands  
There are 324 Recognises 
‘hundred 
thousands’ and 
‘tens of 
thousands’ 
include 
composite units 
of ‘thousand’ 
How many hundreds in 
6598? (Item 26) 
5. I looked in the hundreds 
column 
There would be 65 Recognises 
‘thousands’ 
include 
‘hundred’ 
composite units. 
500 + 59 tens +10 ones 
(Item 27) 
569. 5 hundreds equals 500, then 
59 tens plus 10 equal 69 so 569. 
1000…no 2000. ‘Cause 5 
hundreds. That’s 59 tens so 
you add the 5 there that’d be 
1000. Then it’s got 90 left. 
Then that is ten ones…so 
you add the 10 there that 
would be 2000. So 500+590 
equals 1090 plus ten…oh it 
equals 1100 
Recognises 
meaning of 
composite unit 
‘ten’ in 59 tens. 
10 x 23 406 (Item 13) I just added a zero at the end. I 
can’t read the answer though.  
I just added a zero ‘cause Its 
times by ten so you just add 
a zero on the back. So its 
234,060 (correctly read 
number) 
Still using 
procedure-based 
strategy, 
however can 
now read a 
number of this 
magnitude. 
 
This table illustrates the differences in students’ oral explanations for identical PVAT items 
from 2010 to 2012. This provides further evidence to suggest that there has been some 
development in the nine students understanding of place value from 2010 to 2012. Again, 
these data are contrary to some of the results shown in the ENI Growth Points, however it 
should be noted the small sample of students involved in this analysis suggest further research 
is required to confirm these findings. 
In summary, over two years the nine students showed little or no improvement on the ENI 
Growth Points. This was shown to be contrary to the development shown by the students 
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through a qualitative and quantitative analysis of PVAT data. This suggests that the 
knowledge, skills and strategies assessed by the PVAT and the Developmental Progression 
can be considered to provide a more comprehensive picture of student achievement in place 
value compared with the ENI and the associated Growth Point Framework 
6.10 Minor Research Question Two 
This Section addresses the minor research question: What value do teachers place on the 
PVAT to be developed in this project? 
In order to answer this question, evidence gathered through the Teacher Focus Group and the 
teacher surveys in Phase Three of the research are presented. 
6.10.1 Teacher Focus Group 
As described in Section 5.3.4, three weeks after the students completed the PVAT Trial #1 a 
Teacher Focus Group meeting took place with all staff at School A. The meeting was 
facilitated by the researcher and teachers completed several activities related to the PVAT. 
The first required teachers to complete a selection of PVAT items and then sort them 
according to common content. This resulted in a discussion of the seven aspects of place 
value. As the teachers completed the items and discussed the aspects they were noted making 
comments such as: 
● ‘Wow, this is hard!’ (Prep Teacher) 
● ‘The questions really make you think…I’m not sure I got them all correct!’ (Year Two 
teacher) 
● ‘[laughing] lucky we don’t have to know this content to teach Year One’ (Year One 
teacher) 
● ‘I might need to brush up on this before I move up to teach Year Five next year’ (Year 
Two teacher) 
● ‘These questions really test place value in a deep way’ (Year 3/4 teacher) 
● ‘There is a great variety of different types of items’ (Year 5/6 teacher) 
● ‘This test will really make our students think’ (School Mathematics Coordinator) 
● ‘I love the seven aspects’ (Year 3/4 teacher) 
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● ‘Now we know what to focus on in place value’ (Year 3/4 teacher) 
● ‘I was often struggling to think of what to teach in place value. The seven aspects will 
really help’ (Year 5/6 teacher) 
These comments suggest that completing the items made the teachers aware of the difficulties 
associated with coming to understand place value. For some it also allowed them to recognise 
gaps in their own knowledge and the implications this has for their teaching. The comments 
also see the usefulness the teachers saw in the seven aspects. 
As described in Section 5.3.4, a short presentation was made in the Teacher Focus Group 
meeting showing teachers some of the common misconceptions and errors that had been 
noted in the literature associated with place value. These included the face value 
misconception, difficulties with bridging over decuples and centuples and difficulties coming 
to understand algorithms. Teachers made the following comments related to this presentation: 
● ‘I didn’t know about these misconceptions, but now I will look out for them when I use 
the PVAT’ (Year 5/6 teacher) 
● ‘I can see how these [misconceptions] will help me in my teaching and marking the 
PVAT’ (Year 5/6 teacher) 
● ‘I would love to hear more about these misconceptions’ (Year 3/4 teacher) 
● ‘This information will really help my teaching’ (Year Two teacher) 
● ‘Now you have mentioned it, I think a lot of my students have the face value 
misconception’ (Year 3/4 teacher) 
These comments suggest the importance of teachers being provided with professional 
development opportunities to deepen their knowledge of possible misconceptions that arise in 
the learning of place value and that may be exposed through the PVAT. 
As described in Section 5.3.4, at the completion of the Teacher Focus Group meeting all 
teachers were asked to complete a graphical organiser called a ‘PNI’ where they were asked 
to record ‘Positive, Negative and Interesting’ thoughts they had on the PVAT. Twenty-four 
teachers completed the PNI (Male= 3, Female= 21). As this was an open-ended survey, there 
RESULTS 
268 
were various responses: the most common responses and an indication of their frequency are 
included in Table 6.31. The complete list of responses can be found in Appendix ZZ. 
Table 6.31. Summary of teacher responses to the PVAT 
Positive Negative Interesting 
● Comprehensive [5] 
● Detailed [6] 
● Wide-ranging [2] 
● Informative [2] 
● Too long to score [7] 
● Images unclear [2] 
● Does not cover Year Prep to 
Two [2] 
● Online [7] 
● All Year 3 to 6 do same test [4] 
● Gender bias [4] 
● Importance of PD on test [4] 
 
These data show that 15 teachers felt the PVAT test was a detailed, informative wide-ranging 
and comprehensive assessment of whole number place value in Years 3 to 6. This suggests 
School A teachers noted the value in the PVAT. Seven teachers noted their concern over the 
time the PVAT will take to score. This validates the decision to create and trial the PVAT-O. 
Two teachers were also concerned that the wording on some items may confuse students and 
two suggested the test would be better presented in a colour format so the images were clearer 
for students. These are important considerations for future trials of the test. Finally, seven 
teachers found the prospect of the online test interesting and four noted that seeing the test 
items made them think about the place value content they were presenting to their own 
students. This emphasises the importance of providing professional development to assist 
teachers implement and understand the results of the PVAT. This issue is further discussed in 
Chapter Seven: Section 7.7.2 
6.10.2 Final Teacher survey 
As described in Section 5.4, after Trial #2 the Year 3 to 6 teachers completed a final survey to 
gain an indication of the extent to which the PVAT and the teacher focus group had 
influenced instruction. Of the ten teachers who returned this survey, eight stated they altered 
the way they taught place value as a result of attending the Teacher Focus Group meeting. 
Teachers stated they made the following changes: 
● ‘I incorporated place value knowledge and language in all lessons. I used alternative ways 
of making and reading numbers’ (Year 3/4 teacher) 
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● ‘I posed questions using varied vocab and sentence starters in place value. I looked at 
wording things “differently” to the way I normally did’ (Year 3/4 teacher) 
● ‘I did a lot more number crunching and kept the place value aspects in mind when I was 
teaching’ (Year 3/4 teacher) 
● ‘I focused more on the explicit teaching of the language of maths and place value. I tried 
to see the language from the children’s perspective to allow me to teach the children the 
different terminology’ (Year 3/4 teacher) 
● ‘I implemented lessons for weaker students using MAB blocks and made sure they 
understood the model’ (Year 3/4 teacher) 
● ‘It wasn’t a specific focus but I suppose I was more aware of ensuring it was addressed 
through what I was teaching’ (Year 5/6 teacher) 
● ‘I showed students that 50 and 5 tens are the same. I worked with them on understanding 
place value vocab’ (Year 5/6 teacher) 
● ‘When I was teaching decimals I really emphasized visuals and place value of tenths, 
hundredths etc. and how these linked to whole numbers.’ (Year 5/6 teacher) 
● ‘We weren’t teaching place value, so I didn’t change my teaching’ Year 5/6 teacher) 
● ‘I didn’t change much, I will at the start of next year’ (Year 5/6 teacher) 
These comments suggest that the Teacher Focus Group meeting encouraged most of the 
teachers in Year 3 to 6 to change the way they approached the teaching of place value 
between Trial #1 and #2. This specific instruction could explain the improvement noted in 
students. 
Seven of the ten teachers stated that they were surprised in some way by their class’ results on 
the PVAT. Three teachers stated the PVAT confirmed what they thought about the level of 
their students’ place value knowledge, while the other four noted they were surprised by some 
of the results. The teachers’ comments are included below: 
● ‘ I was surprised that some of the students who I consider extremely good at maths didn’t 
score high on the PVAT’ (Year 3/4 teacher) 
● ‘A few of mine scored lower than I expected them to’ (Year 3/4 teacher) 
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● ‘I was surprised that on questions like the lifesaver one students could not see our base 
ten system in real life objects’ (Year 3/4 teacher) 
● ‘We clearly have had to spend time revisiting place value’ (Year 3/4 teacher) 
● ‘ I was thrilled with some as I thought they knew more than the ENI showed, and 
shattered with others, but it proves to me that place value is her lowest area and this is 
linked to her literacy skills too’ (Year 5/6 teacher) 
● ‘There were a few surprises but mostly it confirmed my thoughts’ (Year 5/6 teacher) 
● ‘It gave a much clearer picture than my other assessments so I was surprised’ (Year 5/6 
teacher) 
These comments suggest that some teachers were surprised as they thought their students 
were better than the PVAT suggested and others were surprised as the PVAT showed the 
students to know more than they thought they did. Either way, this provides more evidence 
that the ENI data may have been providing inaccurate information on each student’s 
understanding of place value. 
All ten teachers stated that the found the PVAT a useful tool for assessing the whole number 
place value knowledge of their students. Their comments included: 
● ‘It had a range of questions and levels’ (Year 3/4 teacher) 
● ‘It would be a great test to have at the start of the year to analyse’ (Year 3/4 teacher) 
● ‘Yes having two versions of the same test enables me to see how they fair over time’ 
(Year 5/6 teacher) 
● ‘It touches on all areas of place value and it gave me a further understanding of place 
value just looking at the questions!’ (Year 3/4 teacher) 
● ‘It tests students’ knowledge of place value in a range of ways- so gives a detailed 
picture’ (Year 3/4 teacher) 
● ‘It is useful as it does identify specific aspects of place value they struggle with’ (Year 3/4 
teacher) 
● ‘It provides good feedback on what they know and any misconceptions they may have’ 
(Year 5/6 teacher) 
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● ‘It gives them a number of ways of showing their understanding—really looks for a depth 
of understanding’ (Year 5/6 teacher) 
● ‘It focuses on areas where we need to elaborate and reiterate and vary in 5/6’ (Year 5/6 
teacher) 
● ‘It is not like anything I’ve seen before which is good’ (Year 5/6 teacher) 
In summary, the evidence presented above suggests that teachers at School A see substantive 
value in the PVAT. They consider it a comprehensive assessment of whole number place 
value and appeared keen to make use of it in their classrooms. 
6.11 Chapter Summary 
This chapter has presented the evidence gathered to address the three major and two minor 
research questions that formed the basis of this project. The chapter presented evidence to 
suggest: 
● Two comparable and internally consistent forms of the PVAT considered appropriate to 
test the whole number place value in Year 3 to 6 were created. 
● Calculate, compare/order, count, make/represent, name/record and rename, are necessary 
and sufficient to describe the construct of place value. 
● The PVAT was used to measure student improvement over time suggesting it is a useful 
formative assessment tool. 
● Gender does influence student achievement in place value with males recording 
substantively higher PVAT scores at School A and School C, however no gender bias was 
noted in the Effect Size improvement of students. 
● A comparable internally consistent online version of the PVAT was created. 
● Audio assist appeared to support those students who used the feature in the PVAT-O. 
● Male Year 3 to 6 students and most teachers showed a preference for the PVAT-O mode 
of assessment. 
● A comprehensive evidence-based Developmental Progression for place value was created 
using PVAT test data. 
● The PVAT provides a more comprehensive description of students place value knowledge 
compared with the ENI and Growth Point Framework. 
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● The teachers at School A see value in the PVAT and consider it to be a comprehensive 
assessment of place value for Year 3 to 6 students 
Chapter Seven explores the issues raised by the data presented in this chapter. These include 
the development of the PVAT ‘teacher-friendly’ Developmental Progression, including the 
implications it has for the teaching and learning place value. The relationship between the 
PVAT progression and the other research-based place value frameworks and the significance 
of the PVAT test in terms of gender is explored. Finally, the PVAT-O assessment, including 
the possibilities presented by the audio assist feature and the affective influences this mode 
had on students and teachers is discussed. 
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CHAPTER 7 
Discussion 
This chapter further discusses the results presented in Chapter Six. First addressed is the 
PVAT Developmental Progression, including the value of the instrument and the implications 
it has for teaching and learning place value. Issues such as the irrelevance of number size and 
the importance of the rename aspect are used to highlight the important role the progression is 
expected to play in informing teachers’ practice. The similarities and differences between the 
PVAT progression and the other research-based place value frameworks are also discussed in 
order to highlight the gap in research the progression seeks to fill. The potential impact of the 
results gathered from the PVAT test is discussed. Key issues include the omission of the 
estimate aspect, the identification of the gender bias in place value achievement and the 
features that make the PVAT a quality assessment. Finally the potential contribution of the 
PVAT-O assessment is discussed, including the possibilities allowed by the audio assist 
feature and the implications of student and teachers’ test mode preference. These discussions 
highlight the value in providing teachers with alternatives in the delivery mode for 
assessment. 
Section 7.1 begins with a discussion of the PVAT Developmental Progression. 
7.1 The PVAT Developmental Progression. 
The PVAT Rasch analyses presented a reliable and empirically accurate competency 
progression for place value. In reality, however, very few classroom teachers possess the 
specialised knowledge required to fully understand and effectively use Rasch data in its pure 
form. Thus while the integrity of the data forms the basis of this model, this was weighed up 
against the need for teachers to apply the information effectively in their everyday instruction. 
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For this reason there was a need for the researcher to interpret the Rasch data and present it in 
a ‘teacher-friendly’ format. 
Creating ‘teacher-friendly’ progressions using Rasch data has been used in several research-
based studies both in mathematics and other curriculum areas (Callingham, 2004; Griffin, 
2004, 2007, 2010; Siemon, Breed, et al., 2006; J. Watson et al., 2006). These studies all note 
the importance of interpreting and simplifying the Rasch data so it can be readily used in 
classrooms. This approach is currently the major focus of a worldwide educational research 
and development project based in Melbourne called the Assessment and Teaching of Twenty-
First Century Skills Project (ATC21S). The ATC21S project is aimed at developing learning 
progressions to support the teaching and learning of 21st century skills (Griffin et al., 2012). 
The growing use of Rasch-based progressions suggest that interpreting competency in this 
way is a valid and useful way to inform teachers’ practice. 
Glaser’s (1981) ideas of increasing competence underpinned the interpretation of the PVAT 
Rasch data. Using the data, the PVAT Developmental Progression was summarised into four 
simple categories or ‘stages’ of increasing competence. Each stage was designed to provide 
teachers with a broad indication of the type of thinking that students’ typically display at each 
point on the Rasch logit scale. While acknowledging that placing students in broad 
assessment categories increases the amount of error present in estimates (Ebel, 1969), the 
presence of multiple data points or items in each PVAT Stage means that reasonable estimates 
of students’ knowledge can be made. The four stages are seen to provide teachers with an 
important frame of reference. Yet to guide instruction effectively, it is necessary for teachers 
to be able to determine the location of students within this frame of reference. In order to 
achieve this the ‘raw score translator’ was created. This tool was another ‘teacher-friendly’ 
measure designed to allow the simple translation of PVAT raw scores into the relevant PVAT 
Stage. A similar method was successfully used to provide a practical link between assessment 
and the Learning Assessment Framework developed in the Scaffolding Numeracy in the 
Middle Years (SNMY) project (Siemon, Breed, et al., 2006). In accordance with Vygotsky’s 
zone of proximal development (ZPD) the PVAT raw score translator allows teachers to 
identify the location of each student on the progression and then use this instrument to 
determine the content to focus on next. In this way the integration of the PVAT test and 
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progression places value on student learning rather than student achievement, exemplifying 
Masters and Forster’s (1996) idea of developmental assessment. 
Developmental assessments value current educational and cognitive science research that 
states student learning is a continuous process that proceeds at different rates. The fact that the 
PVAT places all Year 3 to 6 students on a common achievement scale encourages teachers to 
have a holistic view of place value achievement, thus gaining important insights into the 
effectiveness of their teaching over time and allow students to make more fluid transitions as 
they progress from one teacher to the next. Instead of a Year 3 teacher addressing the 
Australian Curriculum descriptor “recognise, model, represent and order numbers to at least 
10 000” (ACARA, 2014, “ACMNA052”) with all his or her students, the PVAT allows 
learning to be personalised to each student’s particular stage of place value development. Yet 
to ensure this learning is supported, teachers need a basic awareness of the role that 
probability plays in determining the achievement of students in a Rasch-based progression. 
As implied by the Rasch model, a student located at a particular point on the item-person map 
has a 50% chance of answering the corresponding item correctly (see Figure 3.15). However 
in terms of stages this definition is less precise. For example, the student shown below in 
Figure 7.1 with a red ‘x’ is located within Stage Three. This broadly suggests that the student 
requires further consolidation (Siemon, Breed et al., 2006) of the concepts addressed in this 
stage. He or she is only correctly answering much of the content addressed in this stage 
around 50% of the time. It also suggests the next step in the student’s progression is to 
introduce (Siemon, Breed et al., 2006) the content in Stage Four as this content is considered 
within his or her ZPD. 
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Figure 7.1. Example of a variable map showing a student located in Stage Three 
Yet when one looks specifically at the PVAT data it can be seen that within each stage there 
is a substantive range of student achievement. For example, Stage Two includes student 
achievement values from -1.57 to -0.08 logits. In terms of raw scores this includes students 
who achieved between 20 and 30 from 61 items on the Final Form A in Trial #1. 
In Figure 7.2 a student who scores 20 (highlighted with blue ‘x’) is just within the ‘borders’ of 
Stage Two and most likely requires consolidation of Stage One content before the 
introduction of Stage Two content. In contrast, a student who scores 29 (highlighted with pink 
‘x’) is on the cusp of being considered at Stage Three. While this student requires some 
consolidation of Stage Two content, they are ready to be introduced to Stage Three content. 
However, in terms of the PVAT progression, both students are labelled to be at the same stage 
of development. 
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Figure 7.2. PVAT item-person map from showing the location of two Stage Two students. 
As such, teachers must be aware that within each stage there may be a substantive amount of 
difference in student understandings. Just as differentiation is be required between the content 
at each PVAT stage, so too it is required within each PVAT stage. In this way the PVAT 
progression, like many other resources including the First Steps in Mathematics (Willis & 
Treacy, 2004), will require teacher judgment to determine the amount of consolidation and 
introduction students require relative to the location of their raw score within each stage. This 
reinforces the need for teachers to be provided with quality professional development 
addressing the interplay of the PVAT assessment, the Developmental Progression and 
appropriate instruction. Such professional development will assist teachers to see the PVAT 
Raw Score 
of 29 
Raw Score 
of 20 
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Developmental Progression stages in the way they were intended—as a guide—rather than as 
a definitive summary of students’ knowledge. 
Clearly the success of the PVAT assessment and progression relies heavily upon effective 
teaching. Teachers must have the skills and knowledge to provide timely and explicit 
feedback and guidance to their students (Black & Wiliam, 2004). Considering that this project 
did not present the Developmental Progression to teachers at School A (because it was 
developed during a later phase), it is difficult to determine at present the exact influence the 
assessment and progression has on place value instruction. Therefore further research is 
required in this area. Nonetheless, it is clear that both instruments address a significant gap in 
the research literature and provide an important frame of reference for teachers. 
Having discussed the PVAT Developmental Progression in general, Sections 7.2 to 7.5 will 
focus on each stage in detail. Examples of student responses to the PVAT are included in this 
discussion in order to illustrate the link between each stage and the relevant research 
literature. Implications and suggestions for teaching that arise from such analyses are also 
included. 
7.2 Stage One 
Stage One thinking is typified by students who display the face value misconception or appear 
to be independent column construct thinkers. These students have little or no understanding of 
composite units, are largely additive thinkers, are familiar with the name-labels of base-ten 
blocks and can compare, read and write numbers up to two-digits with relative ease. Below is 
a discussion of the significant findings in each aspect and the relevant implications for the 
teaching of students. A summary of the Stage One PVAT items is presented in Appendix 
AAA. 
At Stage One, there is a considerable amount of vocabulary that is foundational to students’ 
understanding of the counting system. These include words such as ‘before’, ‘after’, ‘more’ 
and ‘less’. The PVAT results suggest that even in Year 3 to 6 there are still some students 
unsure of the meaning of these words. S. Higgins (2003) notes that many of the problems 
students have in mathematics are due to failures of communication and consequent failures in 
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understanding. This was illustrated in a student interview conducted with a Year 4 male (see 
Table 4.12). He asked: ‘I know this…just remind me, does ‘after’ mean bigger?’. This 
response suggests that the student had not internalised the meaning of the word ‘after’. 
Therefore at Stage One teachers should teach this vocabulary explicitly and, as noted by R. 
Wright et al. (2011), use a range of incrementing and decrementing activities involving single 
units to consolidate students’ counting knowledge. 
Renaming is a difficult skill for students in Stage One. Responses indicate that students show 
a lack of conceptual knowledge of composite units when attempting to rename. For example, 
to answer ‘how many $10 notes are in $80?’ students simply used a count of tens: ‘10, 20, 30, 
40, 50, 60, 70, 80’ (see Appendix FF: Table FF.1 ). Cobb and Wheatley (1988) describe this 
as a modified form of counting by ‘ones’ and suggest that this does not indicate a 
understanding of ‘ten’ as an abstract composite unit. Similarly, to answer ‘how many “tens” 
are there in 100?’ P. Thompson (1982b) notes that students often learn by rote that there are 
10 tens in one hundred and can parrot this information when required. This was noted in 
several interviews where students could not prove there were 10 tens in 100, even when 
provided with base-ten blocks (see Appendix FF: Table FF.3). Some students at this stage 
were observed to exhibit the face value misconception observed by Ross (1989). These 
students simply looked at the face value of the digit when renaming. For example, when asked 
‘how many “tens” are in 100?’ several students were seen to answer ‘zero’ as they appeared 
to simply focus on the digit located in the tens column. As such, Stage One understanding of 
renaming appears to be significantly limited by the students’ inability to understand 
composite units. 
When calculating, Stage One students were mostly able to correctly answer simple two-digit 
addition (7 + 10 = ) and multiplication (4 x 10 = ) equations involving ten. However, it 
appeared that students used additive strategies such as ‘count all’ or ‘count on’ when solving 
‘7 + 10’. For example they counted ‘7, 8, 9, 10...17’ (see Appendix FF: Table FF.1). As 
observed by Ellemor-Collins and Wright (2009b), it appeared that Stage One students had not 
yet recognised that the unit ‘ten’ could assist them to count efficiently on in ‘tens’ rather than 
by ‘ones’. By contrast, Stage Three and Four students did appreciate the composite unit ‘ten’ 
and applied this knowledge when answering the equations. For example, one student stated: 
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‘one ‘ten’ and seven ‘ones’ is 17’ (see Appendix FF: Table FF.2). Similarly, when answering 
‘4 x 10’ Stage Three and Four students were observed simultaneously to think of four ‘ten’ 
units as 40, whereas Stage One students answered in an additive manner, thinking ‘10, 20, 30, 
40’ (see Appendix FF: Table FF.3). This supports the observations of C. Kamii (1986) who 
suggested the composite unit ‘ten’ was crucial for application of place value knowledge. 
Students at Stage One could compare three five-digit numbers correctly and determine the 
largest number. This confirms the research of Poltrock and Schwartz (1984) who noted the 
skill of comparing numbers requires little or no conceptual knowledge of the quantity 
represented by the numbers. In interviews, students were noted employing a technique 
observed by Bednarz and Janvier (1982), where they compared digits in individual place 
value columns until they came across a difference (see Appendix FF: Table FF.1). Most 
students answered this item correctly despite only being able to correctly read and write two-
digit numbers. This supports the work of Mix et al. (2013), who noted that a student being 
able to compare and order numbers does not indicate they have an appreciation of the 
number’s quantity. For this reason, activities involving direct comparison of numbers should 
not be a major focus in place value instruction. 
Stage One students were able to recognise the two-dimensional graphical representations of 
proportional base-ten blocks such as ones, tens, hundreds and thousands. This was contrary to 
research that found students have difficulty recognising two-dimensional representations of 
three-dimensional objects (Gutiérrez, 1996; Izard, 1979). Considering the frequent use of 
virtual base-ten manipulatives in place value websites and Apps, it is important that students 
are able to link their knowledge of the physical base-ten blocks with their two-dimensional 
pictorial replicas and vice versa. Both Price (2001) and D. Clements (2002) have noted the 
flexibility and practicality provided by virtual base-ten blocks, which allow students to 
efficiently regroup and represent large numbers. In a comparative study of 16 Year 3 students, 
Price (1999) investigated the difference between students who used virtual base-ten blocks 
and physical blocks in various place value tasks. Price noted students were much more 
focused on the quantity the blocks represented when using the virtual model, while those 
using the physical model were more focused on the material. This research highlights not only 
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the usefulness of virtual representations but also the importance of students investigating and 
being familiar with the physical model before the virtual form is introduced (Price, 1999). 
Fuson, Fraivillig, and Burghardt (1992) noted that being able to associate the English word 
with the correct block is an important step in using base-ten manipulatives. Considering that 
at School A base-ten blocks were introduced to students in Year One, most students 
completing the PVAT were expected to be familiar with the names of these blocks. Yet it 
appears that identifying the names and understanding the quantity they represent require 
different levels of understanding. Some students at Stage One were able to identify the value 
of a two-digit number represented non-canonically using base-ten blocks (see Figure 7.3). 
Correctly answering this item indicated that students were able to regroup 15 ‘ones’ into one 
‘ten’ and five ‘ones’ and then combine this with three ‘tens’. 
 
Figure 7.3. Stage One make/represent item using non-canonical representation of base-ten 
blocks 
Considering that at Stage One students were limited in their ability to rename, it appears that 
as discussed in Section 2.3.2 there may be an important distinction between regrouping and 
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renaming. Regrouping is seen as a skill performed with the assistance of models, while 
renaming is a much more abstract skill which is performed without models. Considering the 
similarities between these skills, one contends that regrouping may be important step in 
developing students understanding of renaming. 
It is important to note that not all students in Stage One were ready to use base-ten blocks 
despite most being able to name the value of the blocks. This is concerning given S Ross 
(1989) observation that students using materials before they are ready for them may 
encourage them to follow a learned procedure or their own set of ‘rules’. Such behaviour was 
evident in one student’s response to the item above, counting three ‘tens’ and 15 ‘ones’ and 
then following the convention of recoding the number of ‘tens’ followed by the number of 
‘ones’ to record an answer of ‘315’ (see Appendix FF: Table FF.3). This response indicated 
that the student was relying on passive ‘reading off’ from the visual representation rather than 
being cognitively involved in determining the quantity (Hartnett, 2005). It also supports the 
observation of Price (2001) that students who think about each column independently cannot 
decipher non-canonical representations of models. Thus at Stage One students may benefit 
from the use of less abstract models, as shown in the place value manipulative categories 
described by Baroody (1990) (see Section 2.7.2). 
7.3 Stage Two 
In Stage Two, students still display the face value misconception or independent column 
construct thinking. Students are beginning to be able to rename, recognising how many ones 
are in composite units of ‘tens’ and ‘hundreds’. In Stage Two, students understand the 
quantity represented by base-ten blocks and are able to identify the number between two 
values. Below is a discussion of the significant findings in each aspect and the relevant 
implications for the teaching of students. A summary of the Stage Two PVAT items is 
presented in Appendix BBB. 
At Stage Two students build on and apply their knowledge of the vocabulary before, after, 
less and more. This allows them to count backwards in ‘tens’ from 178 to 88. In order to 
follow this counting pattern correctly, students need to recognise that in a counting pattern 
numbers are ‘x’ amount ‘more’ or ‘less’ than the previous numbers. As noted by R. Wright et 
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al. (2011) the skill of bridging over the centuple (i.e.: 108, 98) is very challenging and 
essentially differentiates Stage One and Stage Two thinking in the aspect of count. Students at 
this stage would benefit from work incrementing and decrementing with a combination of 
units involving ‘ones’, ‘tens’ and ‘hundreds’. 
At Stage Two students build on the Stage One knowledge that there are ‘ten “tens” in one 
“hundred”‘. In the student interviews, students at Stage Two could apply this knowledge to 
extrapolate that 60 ‘tens’ must be six ‘hundreds’. One student explained using a counting 
method: ‘10 “tens” is one hundred, 20 is two hundred, 30 three hundred, 40 four hundred, 50 
five hundred, 60 six hundred…so six hundreds’, exhibiting their growing understanding of 
‘ten’ as a composite unit (see Appendix FF: Table FF.5). This is further exemplified by Stage 
Two students’ ability to complete simple calculations involving composite units. For 
example, students could recognise the value of ‘4 tens + 6 tens’18. In contrast, when 
answering this item many Stage One students ignored the composite units presented and 
simply answered ‘10’. These observations suggest that the recognition of composite units is a 
significant difference between Stage One and Stage Two cognition and supports the 
observations of Clark and Kamii (1996) and Siemon, Izard, et al. (2006) who note the 
difficulty students have thinking in terms of composite units. 
In order to compare the difficulty of working with composite units (4 tens + 6 tens) to the 
equivalent equation not involving composite units (40 + 60= ), both items were included in 
the PVAT. The item asking ‘40 + 60’ was eliminated from the analysis as it was correctly 
answered by 98.8% of students and considered to be too easy for the cohort. In contrast, the 
item involving composite units was found to be substantively more difficult and located in 
Stage Two. This finding is interesting in light of the research by I. Thompson (2000) and R. 
Wright et al. (2011). I. Thompson (2000) suggests that place value ideas should initially be 
explored by presenting numbers in their ‘quantity’ rather than ‘column’ form. The ease with 
which students answered the equation with numbers presented in quantity form (‘40 + 60’) 
compared to ‘column form’ (‘4 tens + 6 tens’) suggests Thompson’s work is worthy of further 
investigation. Further, these findings suggest that it is not just six- and seven-year-old 
                                                 
18  Answers of 100 and 10 tens were acceptable for this item 
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students who are not yet ready to understand the abstraction of the place value system (C. 
Kamii, 1986), but rather it is any student who has not developed an understanding of 
composite units. This reinforces the importance of the relationship between multiplicative 
thinking, composite units and place value. 
By Stage Two, students were beginning to display an appreciation of the quantity represented 
by numbers when comparing. As mentioned by Poltrock and Schwartz (1984), asking 
students to identify the number ‘between’ requires them to simultaneously compare each 
number to determine if it is located within the specified range. Considering that at Stage One 
students were capable of directly comparing three five-digit numbers, the smaller magnitude 
of numbers in Figure 7.4 suggests that the concept of ‘between’ is indeed more difficult than 
comparing. An analysis of the common incorrect responses of ‘251’ and ‘119’ indicates that 
Stage One students may have been trying to compare individual columns rather than looking 
at the number as a quantity, again supporting the research of Poltrock and Schwartz (1984). 
This suggests the importance of consolidating the idea of identifying the numbers ‘between’ 
with Stage Two students in the compare/order aspect. 
 
Figure 7.4. Stage Two compare/order item assessing students’ knowledge of ‘between’ 
By Stage Two, students could correctly read a five-digit number including an internal zero. 
This was considered a significant step up from Stage One knowledge where students were 
only able to read and write two-digit numbers. It appears that once students overcome 
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problems identified in Chapter Two (such as reading teen numbers), the skill of reading and 
writing numbers can be extended in a relatively short period of time. This supports the 
suggestion of Battista (2012) that once students master reading three-digit numbers, they can 
be successfully supported to read and write large numbers by focusing on the HTO pattern 
and the period names (i.e., thousands, millions, billions). Again, the fact that students at Stage 
Two were able to read and write such large numbers but could not rename or calculate or 
count with numbers of this magnitude suggests that the skill of reading and writing numbers 
precedes other place value skills. 
Fuson et al. (1992) noted a possible confusion students may have with the base-ten thousand 
block. Their research stated that students might believe the ‘block’ represents ‘600’ because 
of the six hundred blocks that are visible. The results of the PVAT confirmed these findings. 
While students in Stage One could often identify that the base-ten block represented one 
thousand, it was not until Stage Two that they could justify why this was the case. Stage One 
students tended to display what was described in this research as 600 block thinking. In 
interviews, when asked to prove the value of the block, these students counted the six faces by 
one hundred and came up with the answer ‘600’ (see Appendix FF: Table FF.1). In contrast, 
Stage Two thinkers were definite in their knowledge that the block represented one thousand. 
Explanations like ‘because 10 hundreds is one thousand’ and ‘because you have to count the 
blocks inside too’ exemplified that these students could see the relationship between the 
model and the quantity (see Appendix FF: Table FF.5). Clearly, teachers should not assume 
that because students can ‘parrot’ the value of the base-ten blocks that they understand the 
model. 
These observations suggest the importance of Year 3 to 6 teachers allowing students to 
individually investigate how the one thousand block is related to the ‘hundreds’, ‘tens’ and 
‘ones’ blocks. As suggested by Ross (1989), when a teacher shows students base-ten blocks 
the student often does not have to think; it is not until they are given the opportunity to 
investigate the block model that they will truly understand it. A further issue for schools to 
consider is the material used to construct the base-ten blocks. Plastic base-ten blocks are 
cheaper and lighter than the wooden variety and at School A a combination of both materials 
was commonly used. However, as C. Kamii et al. (2001) note, students may focus on the 
DISCUSSION 
286 
properties within objects, such as weight, rather than what the object is intended to represent. 
Therefore while the plastic block is intended to be identical to the wooden blocks, some 
students will not make this link because they feel different. The fact that the plastic block 
feels ‘hollow’ compared to the wooden block may reinforce the ‘600 block thinking’. For this 
reason it may be wise to avoid plastic base-ten blocks until Stage Three when students have 
consolidated a conceptual understanding of the model. 
7.4 Stage Three 
At Stage Three students are beginning to see the relationship between place value columns. 
As such they no longer have the face value or display independent column construct thinking. 
Students are able to appreciate that one ‘hundred’ is a composite unit made from composite 
units of ‘ten’, an important characteristic of a multiplicative thinker (Steffe, 1992). Stage 
Three students are able to use proportional and non-proportional models and recognise 
canonical and non-canonical representations in familiar and unfamiliar contexts. Below is a 
discussion of the significant findings in each aspect and the relevant implications for the 
teaching of students. A summary of the Stage Three PVAT items is presented in Appendix 
CCC. 
Up to this point, students were observed to often apply ‘tricks’ or rote learned ‘rules’ when 
determining one hundred more and less. For example in Stage Two when asked ‘what is one 
hundred less than 3927?’ students would simply subtract one from the digit in the hundreds 
column. As noted by Price (2001) such behaviour suggested students were looking at each 
column independently and viewing the numeral as a set of concatenated digits. Yet this 
thinking meant Stage Two students were unable to correctly answer ‘what is one hundred less 
than 3027’, because as one student concisely explained ‘there is no hundreds’ (see Appendix 
FF: Table FF.2). However by Stage Three students were able to correctly answer this question 
suggesting they had moved on to appreciate, at some level, the relationship between adjacent 
place value columns. 
This was also seen in the item ‘How many tens are there altogether in 387?’. Students in 
Stage One and Two commonly answered ‘8’, as they did not seem to appreciate that the 
‘hundreds’ unit included composite units of ‘ten’. In contrast, students in Stage Three who 
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correctly answered ‘38’ recognised this relationship. The Stage Three level of understanding 
in this context is seen as a substantive step up from Stage Two knowledge. Furthermore these 
responses support the observations made by Sowder and Schappelle (1994) and Ross (1989) 
that the typical place value item ‘what number is in the tens column in 654?’ provides little 
diagnostic information for teachers. Items of this type only require students to be able to 
locate the tens column and record the digit in situ, something Stage One and Two students are 
adept at doing. For this reason these items will be referred to as column locator items. 
The emphasis on column locator items in websites, Apps and place value worksheets is a 
cause for concern. One only has to conduct a search of ‘place value worksheets’ on the 
popular teacher sharing website Pinterest to see the number of examples that include such 
items (see Appendix EEE). Similarly it has been noted that many place value Apps designed 
for Primary school students focus on this content. So much emphasis on column locator items 
in educational resources implies this is important knowledge to focus on in place value. For 
this reason it is critical that teachers are supported to recognise the limited place value 
knowledge tested in column locator items and instead encourage focus on the relationship 
between the composite units in each column. 
In the calculate aspect there was found to be little difference between students at Stage Three 
and Four. In both cases, as noted by Siemon et al. (2011), students used rote learned ‘rules’ 
such as ‘when you multiply by ten, add a zero’ to solve ‘10 x 42’ and ‘10 x 300’. By contrast, 
students in Stage One and Two used the ‘groups of’ idea to attempt to solve these equations 
(Siemon et al., 2011). For example one student was observed attempting to write ‘10’ 42 
times in order to solve ‘10 x 42’, before realising the enormity of this challenge (see 
Appendix FF: Table FF.2). 
Siemon et al. (2011) noted that these rote learned rules often lead to errors because students 
have trouble accurately recalling the exact process to follow. This was observed commonly 
with Stage One and Two students’ responses, with examples of ‘0’ being ‘added’ in different 
ways and locations. In the interviews one Stage student explained the process she used to 
answer ‘10 x 300’. She stated: ‘You add a “zero” in the “tens” place so it’s 3000’ (see 
Appendix FF: Table FF.4). While in ‘10 x 300’ this ‘rule’ was successful, in ‘10 x 42’, by 
DISCUSSION 
288 
placing a ‘0’ in the tens column she incorrectly recorded ‘402’ as the answer. Thus these 
‘rules’ appear unhelpful and confusing for Stage One and Two students. 
By Stage Three and Four students were able to more accurately recall the ‘rules’ but did not 
appear to have developed any conceptual understanding of why they worked. In the student 
interviews one Stage Three student described how he ‘added zero to the end of the number 
when you multiply by ten’ (see Appendix FF: Table FF.15). Similarly he described how when 
dividing he ‘took a zero away from the end’. Yet when asked to explain this ‘rule’ he was 
unable to do so. These observations support the work of I. Thompson and Bramald (2002) 
who observed a large percentage of Year 3 and 4 students blindly following multiplication 
and division ‘rules’. The PVAT results suggest that this is also the case for many Year 5 and 6 
students. 
The comments of one Stage Four student raised the issue of teacher pedagogical content 
knowledge in multiplication and division. When explaining why he used the ‘add zero’ rule 
he stated: ‘I do it because its works and because it’s what my teacher told me to do’ (see 
Appendix FF: Table FF.15). This comment supports the observations of pre-service teachers 
made by Ball et al. (2001) and Maher and Muir (2013) who noted many had trouble 
explaining the multiplication algorithm in terms of place value. As such, it is important that 
teachers are supported and encouraged to make the link explicitly between place value and 
multiplication and division with their students. This appears particularly important at Stage 
Three and Four where students are developing their multiplicative thinking skills. 
Students at Stage Three were able to correctly compare two numbers, one that included 
composite units. For example, the true or false item ‘180 hundreds is less than 1800’ brought 
with it several challenging aspects. Students needed to understand the concept of ‘less than’, 
recognise the composite unit of ‘hundreds’, and possibly rename 180 ‘hundreds’ into standard 
number form, that is 18 000. They were then required to compare the two numbers. As seen in 
many other items involving composite units, when answering this item Stage One students’ 
completely ignored the unit name of ‘hundreds’ and simply compared 180 to 1800 (see 
Appendix FF: Table FF.3). This item also exposed another important misconception. One 
student stated: ‘I chose “true” ‘cause it says “hundreds” and I know they are smaller than 
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“thousands”’ (see Appendix FF: Table FF.4). This response suggests that the student believed 
the place value unit defines its magnitude irrespective of the number of units. That is, they 
considered thousands to be always larger than hundreds, which are larger than tens, which are 
larger than ones. As such this is a powerful item which exemplifies a ‘carefully engineered 
example that promotes confrontation with conceptual obstacles’ (Swan, 2001, p. 155). 
Stage Three was found to be the final stage of the name/record aspect because the Rasch 
analysis found no items difficult enough to require Stage Four thinking. Several attempts were 
made to create and trial more difficult items in this aspect, mainly using larger numbers, but 
changes in magnitude were not found to increase the difficulty. As reading or writing numbers 
beyond seven-digits is rarely required in everyday life the capacity of children to read and 
write numbers is considered to be generalised at this point (Glaser, 1999). That is, by Stage 
Three students were considered to be ‘experts’ in reading and writing numbers. This further 
confirms the fact that reading and writing numbers does not require a deep understanding of 
place value and as such should not be over-emphasised by teachers. 
Having displayed a solid understanding of base-ten blocks in Stage Two, students at Stage 
Three were able to recognise canonical and non-canonical representations using a variety of 
proportional and non-proportional models. This supports the work of Bednarz and Janvier 
(1982) who advocated using unfamiliar contexts and groupings to challenge students’ 
thinking. While Stage Two students were competent solving items involving base-ten blocks 
it was not until Stage Three that they could apply this knowledge in unfamiliar contexts, like 
in items involving ten lollies disguised in packets. This also supports the work of N. Thomas 
(2004) who noted that students learn to interpret certain commonly used manipulatives such 
as base-ten blocks, but need a more general level of understanding to apply this knowledge to 
unfamiliar materials. This highlights the importance of teachers presenting multiple 
representations of canonical, non-canonical, proportional and non-proportional models in 
unfamiliar contexts to consolidate students Stage Three make/represent knowledge. 
7.5 Stage Four 
At Stage Four students’ thinking is typified by flexible application of place value knowledge. 
Students are able to think multiplicatively and have an appreciation of the relationship which 
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underlies the number system at a micro and macro level. Students are able to integrate and 
manipulate composite units of different values when renaming and can interpret a variety of 
models including those involving other bases. A summary of the Stage Four PVAT items is 
provided in Appendix DDD. 
At Stage Four students can recognise and continue a counting pattern that involves changes in 
all place value parts. For example: ‘19, 138, 257, ___, ___, ___’. Students were observed 
using two strategies to complete this pattern. One strategy saw students using repeated 
addition. Considering that counting is, essentially, repeated addition or subtraction of an 
iterated unit this is considered an efficient strategy to employ (Baturo, 2000). This strategy 
highlights the value in teachers assisting students to see the link between the count and 
calculate aspects of place value. 
The second strategy involved students looking closely at the digits and noting that the: ‘ones 
column goes down by one, the tens up by two and the hundreds up by one’ (see Appendix FF: 
Table FF.8). While this description suggests the student is looking at each column 
independently, the number after 495 in the pattern required students to recognise the 
relationship between places. That is, they needed to understand that adding 1 hundred and 2 
tens and subtracting 1 one made the number 5 hundreds, 11 tens and 4 ones. They were then 
required to rename this number to find 614. Stage One and Two students commonly used this 
strategy, however, they were unable to correctly continue the pattern after ‘495’ as they did 
not recognise how to bridge or rename at this point (see Appendix FF: Table FF.1). Once 
again this further supports the worth of the Conceptual Place Value (CPV) ideas suggested by 
R. Wright et al. (2011) that have been shown to assist students in developing their skills in 
counting flexibly in place value parts initially with the assistance of materials and later 
without (see Section 2.7.1). 
A range of responses were noted to the item ‘How many hundreds are there altogether in 6 
598’. Most Stage Four students correctly answered ‘65’ but some were observed to exhibit a 
deeper understanding by answering ‘65.98’. These students were able to recognise that ‘tens’ 
and ‘ones’ represented a decimal fraction of the total number. It is acknowledged that more 
Stage Four students may have possessed this level of knowledge and simply chosen not to 
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write the answer in this form. Whether or not this is the case, considering the flexibility 
displayed by students at Stage Four in the other aspects of place value it appears reasonable 
for teachers to introduce this application of renaming to students at this stage. As Sowder 
(1997) suggests this would not only develop students’ understanding of whole number place 
value, it would also assist them to make important links with decimal place value. 
In Stages One, Two and Three it was shown that comparing large numbers was not a 
cognitively demanding task. Students were able to use a digit-by-digit method to determine 
the largest and smallest numbers. Comparisons where students were required to find the 
number ‘between’ and when composite units were included were shown to be more 
challenging. However it was not until Stage Four that students were able to complete items 
requiring multiplicative comparison. For example, ‘what number is ten times smaller than 
440?’. 
Students appeared to find multiplicative comparison items difficult because they required an 
appreciation of the bi-directional base-ten property which underpins the place value system 
(Baturo, 2000). That is, students needed to appreciate that ‘tens’ are ten times larger than 
‘ones’, ‘hundreds’ are ten times larger than ‘tens’ and vice versa. The difficulty students had 
with these items supports N. Thomas’ (2004) observation that very few students understand 
the recursive multiplicative nature of the number system. Students in Stage One, Two and 
Three were observed to misinterpret consistently the meaning of the phase ‘times smaller’ or 
‘times larger’ in multiplicative comparison items. These students displayed an over-reliance 
on additive thinking strategies and associated the word ‘smaller’ with subtraction. This 
resulted in many subtracting ten from 440 and answering ‘430’ (see Appendix FF: Table 
FF.7). The fact that Stage Four students were able to answer this item implies that they are 
multiplicative thinkers and once again reinforces the important link between place value 
understanding and multiplicative thinking. 
As mentioned in Section 2.3.2 research by Dienes (1960), Gagnon (2012) and Nataraj and 
Thomas (2012) suggests that allowing children to investigate other bases assists them to 
generalise the pattern that underpins the base-ten system. Considering that students do not 
appear to have an understanding of this pattern until Stage Four it is not surprising that the 
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items involving other bases were only answered correctly by these students. An example of a 
base four item is shown in Figure 7.5. 
 
Figure 7.5. Stage Four make/represent item involving base four blocks 
Stage One students were observed assuming that the cube block in the item above represented 
one thousand (see Appendix FF: Student FF.1). These students completely ignored the 
information provided which stated the value of each block and immediately related the visual 
images to the ‘ones’, ‘tens’, ‘hundreds’ and ‘thousands’ base-ten blocks. This behaviour 
mirrors that noted in Stage One where students were passively ‘reading off’ from the visual 
representation rather than being cognitively involved in what the model represented. 
Other students appeared to apply the thinking underpinning the ‘600 block’ misconception. 
These students simply multiplied the value of the ‘flat’ block by six (i.e., 16 x 6). In the 
interviews one student explained: ‘I am timesing the hundreds block number by six cause 
there are six sides to the thousand block’ (see Appendix FF: Table FF.9). It is particularly 
interesting to note this student’s incorrect use of the words ‘hundreds’ and ‘thousands’ to 
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describe the blocks. This illustrates how ingrained these labels are in students and confirms 
the observations noted in Stage One that students see them more as labels rather than being 
indicative of a quantity. 
It is important for teachers to note that the understanding of base-ten models displayed by 
Stage One and Two students suggests that, for them, working in different bases may actually 
be a source of confusion (I. Thompson, 2000). In contrast, Stage Three and Four students 
appear ready to be introduced to, and consolidate, their knowledge of other bases through an 
informal problem-solving approach as suggested by Baroody (1987). It appears using this 
context may provide a relevant way to challenge and extend Stage Three and Four students 
thinking in place value. 
7.6 Issues Raised by the PVAT Developmental Progression 
Several issues were raised by the PVAT Developmental Progression including the irrelevance 
of number size in describing progression and the importance of the rename aspect. Several 
commonalities and differences were also noted between the PVAT progression and other 
place value frameworks. These issues will be discussed in Sections 7.6.1 to 7.6.3. 
7.6.1 Relevance of number size questioned 
Several place value frameworks and curriculum documents (e.g., VELS, Australian 
Curriculum: Mathematics, ENRP Growth Points) imply that students’ progression in place 
value is solely related to the size of numbers involved (i.e., the larger the number, the more 
difficult the task). The empirically based PVAT Developmental Progression suggests that 
progression in place value understanding is not dependent on the size of numbers but rather 
on the extent to which the students are able to understand the relationship between composite 
units in the number system. While the initial introduction of numbers to students relates to 
their size—that is, you cannot teach children five-digit numbers before one-digit numbers—
this does not mean that students need to be ‘experts’ in every aspect of two-digit place value 
before they move onto three-digit place value and so on. 
The PVAT item-person maps shown in Section 6.8.1 indicate that the size of the numbers 
used in an item does not directly relate to its difficulty. Chapter Six: Figure 6.12 shows that 
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several items involving five-digit numbers were found to be easier than items involving two-
digit numbers. This suggests that the difficulty of an item depends on the knowledge required 
to answer successfully. In this way a student may be able to compare five-digit numbers, as 
this does not require an understanding of composite units, yet they will be unable to rename a 
three-digit number because it requires an appreciation of composite units. These observations 
have important implications for teaching, learning and research in the construct of whole 
number place value. 
In Chapter Two, the Early Numeracy Research Project (ENRP) Growth Point Framework 
was shown to be one of the only frameworks that explicitly addressed place value beyond 
three-digit numbers. Yet this framework describes student progression in terms of number 
size. The ENRP framework suggests to teachers that students were required to read, write, 
interpret and order single-digit numbers before progressing to two-digit numbers, then three-
digit numbers and so on. Research into the ENRP place value framework by Horne and Livy 
(2006) observed students developing different skills within each Growth Point at different 
rates. Some students were seen to be able to correctly read and order two-digit numbers 
before they could write them, while others could read, write and order two-digit numbers 
before they could use models to interpret them. Horne and Livy suggested that the lack of 
uniform progression students made through these individual skills supported the decision by 
the ENRP team to place the skills within the same Growth Point. This reasoning appears 
questionable in light of the PVAT observations, which noted the progression students make in 
each place value aspect is context-dependent. That is at Stage One a student may be able to 
compare three five-digit numbers because they use a column-by-column procedure that 
requires no appreciation of the numbers quantity. However it is not until Stage Four that they 
can compare using multiplicative comparison. This means that students are capable of 
working with three-digit numbers in some contexts and five-digit numbers in others even 
within the same aspect of place value. 
This finding has substantive implications for place value descriptions in both the Victorian 
Essential Learning Standards (VELS) and the current Australian Curriculum: Mathematics 
(ACM). Both these documents use (or used in the case of the superseded VELS curriculum) 
number size to define progression in place value. For example, within the ACM Year 2 
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students are required to recognise, model, represent, order, group, partition and rearrange 
numbers to at least 1000; Year 3 involves numbers up to at least 10 000; and Year 4 involves 
numbers to at least tens of thousands (ACARA, 2014). As discussed above, the PVAT 
Developmental Progression provides evidence that this is an oversimplification of student 
progression. 
Describing progression in this way forces teachers to group skills together according to 
number size and potentially introduce critical aspects of place value before students are 
developmentally ready. For this reason, the results of the PVAT Developmental Progression 
are integral to the development and trial of research-based place value curriculum, as 
exemplified in the Building Blocks research completed by D. Clements and Samara (2008). A 
research-based curriculum would allow teachers to introduce place value in a developmentally 
appropriate manner and support students to develop solid understandings in the construct. 
7.6.2 The Importance of the Rename Aspect of Place Value 
Rename has emerged from the PVAT Developmental Progression as possibly the most critical 
aspect of place value. In Final Form A (Trial #1) the rename item: ‘6 hundreds, 8 tens, 4 ones 
is the same as ___hundreds ___ones’ was the most difficult item on the test. Similarly, the 
rename item ‘5 hundreds and 59 tens and 10 ones =  ?’ was consistently found to be in the 
three most difficult items on the PVAT in Final Forms A and B (Trial #1). Overall, the 
rename aspect had the most items in Stage Four, suggesting this was the most difficult aspect 
for students. Even the easiest rename items included in Stage One were all above 2.0 logits, 
making them among the most difficult items in this stage. 
The rename aspect appears to pose problems for students because it requires a deep 
understanding of composite units and requires access to multiplicative thinking. As Steffe 
(1992) describes for “a situation to be established as multiplicative, it is always necessary to 
coordinate two composite units in such a way that one composite unit is distributed over the 
elements of the other composite unit” (p. 264). Thus, to think multiplicatively students must 
understand that composite units are made up of smaller composite units. In the context of 
renaming this knowledge is critical. For example, students need to appreciate that one 
hundred is a composite of composite units (i.e., 10 composite units of ten, 10 tens) as well as 
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a composite unit of 100 ones. As such, students must be flexible multiplicative thinkers to 
rename, understanding students are only beginning to display in Stage Two. 
The complexity of renaming increases significantly with the introduction of each new place 
value unit. When one looks at two-digit numbers students need to understand the relationship 
between the composite unit ten and ones. For example, 34 is the same as: ͵tens Ͷones, or 
34ones. However when looking at three-digit numbers students’ need to understand the 
relationship between ‘hundreds’, ‘tens’ and ‘ones’. For example, 345 is the same as: 
͵hundreds Ͷtens ͷones 
͵hundreds Ͷͷones 
͵Ͷtens ͷones 
͵Ͷͷones 
In turn, when looking at four-digit numbers, students must appreciate all the previously 
mentioned relationships as well as how each smaller unit relates to the composite unit 
‘thousand’. For example, 3456 is the same as (all the above relationships as well as): 
͵thousands Ͷhundreds ͷ tens͸ones 
͵thousands Ͷhundreds ͷ͸ones 
͵thousands Ͷͷtens ͸ones 
͵thousands Ͷͷ͸ones. 
It can be said that each time a new composite unit is introduced, the number of relationships a 
student is required to understand doubles. In this way, renaming requires students to 
demonstrate a genuine abstract understanding of the relationship between place value 
columns. Students cannot get away with a superficial understanding of this aspect, thus 
renaming can be seen as playing a critical role in students understanding of the number 
system. 
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As Webb (2007) notes, the content included in assessments can influence the content teachers 
focus on in classrooms. Considering that ENI does not include any rename items, this may 
have led classroom teachers to underestimate the importance of this aspect. This may have 
been compounded by the fact that in the VELS curriculum document, no reference was made 
to renaming (or other related terms) (see Chapter Two: Table 2.4). The omission of rename 
was partly rectified in the new Australian Curriculum: Mathematics. Yet, as described in 
Section 2.6, the inclusion of ambiguous vocabulary makes it difficult for teachers to 
determine exactly what this skill involves. For example, a Year Three place value content 
descriptor states: “Apply place value to partition, rearrange and regroup numbers to at least 10 
000 to assist calculations and solve problems” (ACARA, 2014, “ACMNA053”). To address 
this descriptor accurately teachers need to understand the meaning of terms such as 
‘partition’, ‘rearrange’ and ‘regroup’. Yet, as the ACM Glossary does not define these words 
for teachers, the only indication of their meaning lies in the ‘elaboration’19 provided for this 
curriculum descriptor. The elaboration states: 
● recognising that 10 000 equals 10 thousands, 100 hundreds, 1 000 tens and 10 000 ones 
● justifying choices about partitioning and regrouping numbers in terms of their usefulness 
for particular calculations (ACARA, 2014, “ACMNA053 elaboration”) 
While it would appear from the elaboration that in some way partitioning, rearranging and 
regrouping refers to the skill of renaming, the distinction or relationship between these terms 
is not explicit. As such, teachers may again be confused and/or unaware of the critical 
importance of the rename aspect in their place value instruction. This further highlights, as 
noted in Chapter Two, the importance of using consistent and clear vocabulary to describe 
place value content, particularly renaming. 
7.6.3 Commonalities and Differences 
The following Section will discuss the findings of the PVAT Developmental Progression in 
relation to those place value frameworks summarised in Chapter Two: Table 2.1. As noted in 
Chapter Two, most of the place value frameworks currently available for teachers do not 
                                                 
19  Elaborations provide more specific information about each descriptor in the Australian Curriculum 
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address place value knowledge beyond three-digit numbers. The PVAT progression focuses 
on Year 3 to 6 students and for the most part it addresses numbers beyond three-digits. For 
this reason, it is difficult to compare many of the frameworks directly with the PVAT 
progression. However, there are some commonalities and differences that are worthy of note. 
One of the major transitions noted from Stage One to Stage Two in the PVAT was the ability 
to work with and understand abstract composite units. This observation supports the 
frameworks constructed by Ross (1989), Cobb and Wheatley (1988), Fuson, Wearne, et al. 
(1997) and Young-Loveridge (1999a). Each of these frameworks noted the importance of the 
transition students make when they move from a unitary view of numbers to where they can 
appreciate the idea that ten is a unit. Importantly in the PVAT progression it was observed 
that students were still able to read and write numbers to 100 and compare five-digit numbers 
with this unitary view of number. This supports the work of Gervasoni et al. (2011) who 
noted that reading and writing numbers does not require an appreciation of a number’s 
quantity nor an understanding of composite units. 
The framework developed by Ross (1989) was focused on students understanding of two-digit 
place value. For example, Ross noted that students moved from the “positional property” (p. 
49) stage where students knew that the tens digit was on the left and the ones on the right to 
the “face value” (p. 49) stage, where students just looked at the face value of digits. In terms 
of the PVAT progression, the ‘positional property stage’ and ‘face value stage’ were both 
considered to be within PVAT Stage One. That is, some students in Stage One appeared to be 
at the ‘positional property stage’ while others were at the ‘face-value stage’. For this reason a 
more fine-grained analysis of Stage One may be required to clearly observe the distinctions 
made by Ross. Such an analysis could provide important support for Foundation to Year 2 
teachers as they introduce two-digit place value. 
In the PVAT progression, Stage Two students were noted behaving in a similar way to those 
Ross (1989) described as being in the “construction zone” (p. 49). For Ross (1989) this meant 
the students were tentative and unreliable in their tasks performance. Similarly, in the PVAT 
progression, students at Stage Two had progressed from the Stage One unitary view of 
numbers, however their performance was inconsistent. It was apparent these students were 
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still constructing meaning for composite units, with several instances of them regressing to a 
unitary view of number. This was particularly apparent in the rename aspect, as it required a 
deep appreciation of composite units. 
As mentioned in Chapter Two, the G. Jones et al. (1996) framework was the only one to 
document the interplay between various aspects of place value. As this framework only 
identified four aspects: counting, grouping, partitioning and number relationships, it was not 
considered to fully address the construct of place value compared to the six aspects of place 
value that underpinned the PVAT. However, G. Jones et al. (1996) did note a level of 
consistency within each aspect, across the levels of their framework. This was also noted in 
the PVAT progression. It was seen that irrespective of the aspect they addressed, all Stage 
Three items involved commonalities in the understanding required to answer them. For 
example, only those students who had overcome the independent column construct thinking 
misconception noted by Price (2001) and the face value misconception noted by Ross (1989) 
were seen to correctly answer Stage Three items. Thus both the PVAT and the Jones et al. 
(1996) framework suggests that the interplay between aspects is important to consider as 
students progress through place value. 
As noted in Chapter Two several place value frameworks such as G. Jones et al. (1996) and  
Fuson, Wearne, et al. (1997) appeared to imply that once students understood three and four-
digit numbers they should be able to apply this knowledge to the remainder of the number 
system. The PVAT progression suggests that broad statements such as these need to be 
carefully qualified so as to not mislead teachers. It was not until Stage Four in the PVAT 
progression that student were considered to have enough understanding to generalise their 
place value knowledge and apply it to the whole number system. At this stage students were 
able to consistently rename four- and five-digit numbers, something they were previously 
unable to do. As such, it appears that once students are able to rename four and five-digit 
numbers they may have the skills to generalise their understandings of the relationship 
between columns. It appears important to avoid broad descriptions such as ‘once students are 
able to understand four-digit numbers they can apply this knowledge to the whole number 
system’. Teachers can easily misinterpret such statements as it is unclear exactly what 
‘understand’ means in this context. For this reason, it is considered important to encourage 
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teachers to place their focus on the underlying concepts underpinning all of the six aspects, as 
exemplified in the PVAT progression, rather than encouraging them to basing their 
instruction on number size. 
Finally, the fact that the place value framework created by G. Jones et al. (1994) was 
validated through a longitudinal study of students is an important distinction from the PVAT 
progression. As D. Clements et al. (2004) suggest “full evaluation of any learning trajectory 
should include tracing development longitudinally” (p. 182). Currently, the results of the 
PVAT suggest that students’ Developmental Progression in place value is related to age. That 
is, as students move through the school their experiences and maturity help them to develop 
their knowledge of place value. However longitudinal research will determine if students’ 
development in place value is solely linked to maturity or can be developed at a faster rate 
through targeted teaching guided by the PVAT Developmental Progression. In this way a 
longitudinal investigation into the PVAT Developmental Progression is seen as a critical part 
of further developing this instrument. 
7.7 Importance of the PVAT 
This Section will discuss the importance of the PVAT assessment tool for supporting the 
teaching and learning of place value. Firstly the omission of the estimate aspect of place value 
is explored. Then the support the test provides for teacher learning is considered. The issue of 
place value and gender is explored and finally the quality of the PVAT instrument is 
discussed. 
7.7.1 Lack of Empirical Support for the Estimate Aspect 
Six of the seven aspects of place value identified in Chapter Two were seen to fit the uni-
dimensional construct of whole number place value. This suggests that a student’s 
understanding of place value requires them to be familiar with the content addressed in: 
calculate, compare/order, count, make/represent, name/record, and rename. These aspects 
are considered to be critical to the quality teaching of place value in Years 3 to 6 and are seen 
to provide a necessary, and previously undefined context for the teaching of this construct. 
Yet an important finding in relation to these aspects was the omission of items addressing the 
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estimate aspect in all Rasch analyses. If confirmed, this finding could have important 
implications for teaching and learning in place value and mathematics in general. 
As all estimate items were found to misfit the Rasch model, this suggests they fail to address 
the same uni-dimensional construct as other items in the assessment—whole number place 
value. Estimate was originally included as an aspect of place value as it was considered to 
relate directly to students’ understanding of number and quantity. Estimation was seen to be 
the application of place value knowledge in a real world context. While several place value 
studies used estimation tasks to investigate students’ knowledge of place value, none made a 
direct link between the two. For example, research by C. Kamii (1986) asked students to 
make estimates of a quantity of chips. While she noted that student estimates were related to 
the numerical concepts they had already built and improved with age, she did not go so far as 
to relate this to students’ performance on other place value tasks in the study. Similarly G. 
Jones et al. (1994) reported the skill of estimation was part of the ‘grouping’ construct in their 
place value framework. To assess this skill G. Jones et al. (1994) requested students pick up a 
handful of crayons and estimate the quantity. While this research reported the value of each 
student’s estimation, they failed to report any relationship between this skill and the level of 
students place value knowledge. As such, although appearing to relate to place value, there 
was no evidence to support this contention in place value research. 
Similarly, when one looks into research associated with estimation no reference is made to 
place value knowledge. In the cognitive science field Halberda and Feigenson (2008) 
empirically confirmed the observations of C. Kamii (1986) that students’ estimates improved 
with age, however this research did not investigate a link with place value knowledge. Booth 
and Siegler (2008) noted that a student’s skill in estimation correlated positively with their 
general achievement in mathematics, but this achievement cannot be considered indicative of 
a student’s level of place value knowledge. The only research that appears to address the 
relationship between estimation and place value is the number sense framework developed by 
McIntosh et al. (1992). According to this framework both skills contribute separately to a 
student developing their sense of number, however this research provides no empirical 
evidence to confirm the exact nature of this relationship. 
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While the literature provides very little evidence to verify a link between estimation skills and 
place value, it is important to note the PVAT data may have been influenced by several 
factors. The misfit of estimate items may have been a result of the influence of construct-
irrelevant variance. That is, the context used in the estimate items may have influenced 
students’ responses. The design of the estimate items was based around measurement and 
numerosity estimation (Sowder, 1992a). As noted in Section 4.7.4, in attempting to address 
these categories, item contexts inadvertently relied on students’ understanding of additional 
content. For example, an item such as: ‘Approximately how tall would a stack of 1000 $1 
coins be?’, relied not only on students estimating what 1000 coins looked like but also their 
skill in recalling and visualising a $1 coin, estimating its height and understanding units such 
as centimetres, metres and kilometres. One contends that the influence of this additional 
content may have changed the skill being assessed by the item and contributed to its misfit. It 
is also important to note that each estimate item was scored using a partial-credit model. The 
fact that every partial-credit item, no matter which aspect they were designed to address, 
misfit the model may also explain the omission of the estimate items. 
It appears that although there is empirical evidence to suggest estimate does not address the 
construct of place value, this is some doubt surrounding the influence of other factors in these 
results. For these reasons, the estimate aspect requires further investigation before its 
relationship with place value is confirmed. This investigation may include the development 
and counter-balanced trial of a ‘new’ PVAT partial-credit instrument with the Final Form of 
the PVAT. This trial would determine if the estimate items misfit because of their item 
construction or because they address a different construct. 
7.7.2 Support for Teacher Learning 
An important finding from the PVAT test was the improvement noted in students over the 
ten-week teaching period. At School A the Year 3 to 6 students showed an Effect Size 
difference of 0.25 in student achievement over ten weeks. Considering Hattie (2012) suggests 
that teachers can typically expect an improvement of 0.2 to 0.4 per year in students’ 
achievement, this is a substantive improvement for a cohort to make in ten weeks. But 
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without an experimental design that includes a control group it is impossible to determine the 
reasons this improvement occurred in School A students. 
There are several possible explanations for such an improvement in students. One may be that 
teachers adjusted their teaching according to the PVAT results provided to the Teacher Focus 
Group (TFG) meeting. In this way, the teachers could have used the PVAT as a formative 
assessment. As mentioned in Chapter Two, Black and Wiliam (1998) found that teachers who 
used formative assessment to guide their instruction saw an Effect Size difference in student 
achievement of between 0.4 and 0.7 in one year. 
Another possible source of the improvement may have been the professional learning 
activities that teachers engaged with in the TFG meeting. Yoon, Duncan, Lee, Scarloss, and 
Shapley (2007) noted an average Effect Size difference of 0.54 in a meta-analysis of nine 
studies which investigated the effect teacher professional development programs had on 
student achievement. It must be noted that the professional development sessions observed in 
the study by Yoon et al. (2007) were greater than five hours, compared to the TFG which was 
conducted over 75 minutes. Nonetheless, despite being instructed to continue with their 
normal instruction, eight out of ten teachers in Year 3 to 6 stated they modified their teaching 
in some way as a result of the TFG meeting (see Section 6.10.2). 
The influence of the TFG on teacher’s practice ranged from one teacher who noted: ‘I 
incorporated place value knowledge and language in all lessons. I used alternative ways of 
making and reading numbers’ to another who noted: ‘We weren’t teaching place value so I 
didn’t change my teaching’. Thus these qualitative teacher insights support the idea that the 
TFG did have some level of influence over the ten weeks, suggesting this may have been a 
factor contributing to student improvement. This further reinforces the work of Doig and 
Hunting (1995) and Griffin (2010) who note the importance of providing teachers with 
quality professional development associated with assessment tools and data. 
The TFG also highlighted for teachers the need to improve their own content knowledge in 
place value. Comments such as ‘wow, this is hard!’ and ‘the questions really make you think 
… I’m not sure I’ve got them all correct!’ and ‘[laughing] lucky we don’t have to know this 
content to teach Year One’ are examples of teachers reflecting on their content knowledge. 
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Major (2011) noted similar realisations by the teachers in her place value teacher focus 
groups. She observed that providing teachers with the opportunity to recognise their own 
deficiencies was an important step in developing their instruction in the construct. 
For these reasons the research conducted in this project supports the need to provide teachers 
with professional development and opportunities for collegiate discussions associated with the 
PVAT and its content. In turn, further research is required to determine the exact extent to 
which teacher professional development and using the PVAT formatively has on student 
improvement. 
7.7.3 Implications of Gender Difference for Place Value Instruction 
An important finding from the PVAT trial was the gender differences noted at School A. 
From the large number of studies into place value very few have investigated the influence of 
gender on place value achievement. Section 2.7.5 noted that those studies which did note a 
gender difference, all reported that males had higher achievement in place value tasks 
compared to females (Carmichael, 2013; Howard & Perry, 2001; Jordan et al., 2003; Ross, 
1990; Vale et al., 2011). The PVAT results from School A and School C noted similar gender 
differences in favour of males and thus support and extend this area of research. 
As a result of contradictory findings in the research literature associated with place value and 
gender, it is important to distinguish between achievement and improvement. Research by 
Ross (1990) and Jordan et al. (2003) focused on the achievement differences between males 
and females in place value tasks. Both studies looked at a snapshot of student results rather 
than measuring learning over time. The fact that the research by Ross (1990) only analysed 
students’ performance on ten place value items and Jordan et al. (2003) on only three items 
raises questions about the generalisability of their results. However the PVAT results, which 
saw males students’ achievement substantively higher than females’ in both Trial #1 and Trial 
#2, support these findings. 
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When the improvement of males and females on the PVAT was measured over the ten-week 
teaching block at school A20 both males and females improved a comparable amount. This 
suggests that females were learning at the same rate as males during this time. These findings 
contrast with the research completed by Vale et al. (2011) and Howard and Perry (2001) who 
both noted that female students improved less in place value than their male counterparts. 
Considering the Howard and Perry (2001) study was conducted over four months and the 
Vale et al. (2011) study over six months, further research is required to explore whether it was 
length of the PVAT study or other factors that might explain these contradictory findings. 
Clearly it is difficult to pinpoint the exact reasons why males outperform females. However, 
as mentioned in Section 2.6.2, one of major criticisms of place value teaching and assessment 
is use of examples that tend to be standard (Ross, 1989), sterile (Sowder & Schappelle, 1994) 
and/or promote rote memorization (C. Kamii & Lewis, 1991). Considering that Gallagher and 
De Lisi (1994) noted that females tended to perform better when solving conventional items 
related to taught and textbook contexts, one can speculate that superficial place value 
questioning may be obscuring the gender gap. That is, females may appear to have more place 
value knowledge than they actually do. This considered, the purposeful inclusion of a variety 
of PVAT items that assessed a range of place value content may have exposed the shaky 
foundations of the female student’s place value knowledge. In order to investigate gender 
differences on the PVAT in more detail a Differential Item Functioning (DIF) analyses could 
be conducted. DIF analysis was used by Carmichael (2013) to determine the gender bias in 
the two place value items included in his research. DIF analysis of the PVAT (beyond the 
scope of this study) would determine if there are particular items that show gender bias and 
allow inferences to be made about the possible reasons females respond differently to males. 
Taking into account the fact that Vale et al. (2011) observed gender differences in Prep to 
Year 2 students and Howard and Perry (2001) in Year 7 students there is evidence to suggest 
that this issue is of concern throughout the Primary school and into Lower Secondary school. 
The PVAT gender differences were observed within each cohort from Year 2 to 6 at School 
A. Gender Effect Size differences in each year level were noted to be in the range 0.55-1.19. 
                                                 
20  Student improvement was not measured in the PVAT-O trial at School C 
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According to Hattie (2012) these differences are equivalent to over a year of teaching. Thus 
these findings have significant implications for the teaching and learning of place value. 
7.7.4 Quality Assessment Tool 
As shown in Chapter Two, there is a clear lack of quality place value assessment instruments 
available for Year 3 to 6 students. As a result the PVAT was designed to assist teachers in this 
critical area. There are several important features of the PVAT that are worthy of note. These 
include its potential to be used as a formative assessment, and its range of content and 
difficulty. 
Teachers are encouraged to use the results of the PVAT in a formative manner. Student 
PVAT results can be used in conjunction with the PVAT Developmental Progression to 
determine the Stage the student is at and guide instruction accordingly. Furrthermore as two 
different forms of the PVAT comparable in their content and difficulty have been developed 
teachers are able (and encouraged) to use this instrument to measure learning. As Black and 
Wiliam (1998), Izard (2002a) and Hattie (2012) noted, using formative assessment to guide 
teaching in this way has been shown to have substantive influence on student learning.  
Another important feature of the PVAT is its range of item difficulties and the variety of place 
value content it addresses. In Chapter Two it was shown that there were no paper-and-pen 
place value assessments that addressed the seven aspects of place value for Year 3 to 6 
students. The PVAT addressed this gap in assessment and provided teachers with an 
internally consistent test of the six of those aspects of place value. This means the test can be 
considered to have substantive diagnostic power (Forster, 2009) enabling it to measure 
student achievement accurately and determine those students who truly show expert 
knowledge in place value (Glaser, 1999). 
Another indication that the PVAT is a quality assessment is the value that teachers saw in the 
instrument. Comments such as: ‘It had a range of questions and levels’ and ‘It tests students’ 
knowledge of place value in a range of ways; so gives a detailed picture’ suggest that the 
teachers could see the value of the range of item difficulties and variety of content assessed in 
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the PVAT. However, as suggested by Masters and Forster (1996), practical convenience is an 
important consideration when designing an assessment. 
The practical concerns noted by School A and B teachers raised important issues associated 
with the PVAT. Teachers noted that ‘it seems long’ and observed the test would be ‘time 
consuming to correct’. While in reality the test did not take an excessive time to score 
(approximately five minutes per student), the teachers’ comments confirm the observations by 
Collinson and Cook (2001) that some can teachers show a reluctance to change or include 
new initiatives in their practice if they appear too time-consuming. In this way, using a 
pragmatic approach to ensure the PVAT was considered a quality and practical instrument, 
the online version of the PVAT was created. The following Section will discuss the issues that 
were raised by this mode of testing. 
7.8 Issues Raised by the PVAT-O (online) Test 
The 21st century presents greater possibilities for computer-based assessment (CBA) to be 
expanded and implemented within schools. The Victorian Government’s current push to 
develop an online testing system (Hosking, 2014) exemplifies this new direction in 
assessment. This new direction may well be embraced by schools, teachers, educationalists 
and test developers, but CBA and paper-and-pen assessment are not mutually exclusive 
entities. These testing modes should be designed to work in harmony to develop the quality 
and flexibility of assessment practices in schools. 
Providing teachers with the PVAT in two modes was considered to increase the usability and 
practicality of the assessment tool. The PVAT-O was designed to support teachers by 
providing instant feedback on their students’ achievement. Yet because the online and paper 
tests are comparable, schools that do not have the technological capabilities currently to 
facilitate the PVAT-O can continue to use the paper-and-pen version of the test and not be 
completely excluded from using the instrument. 
The relatively small sample size gathered from only one school limits the scope of 
conclusions that can be made from the PVAT and PVAT-O trial. However, very little 
difference was detected between the mean difficulties and student achievement of the PVAT 
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and PVAT-O test items at School C. Similarly, the student achievement on the PVAT and 
PVAT-O was found to be comparable. This supports the results of the meta-analysis 
conducted by Wang et al. (2007), which noted that the mode of administration did not have a 
substantive effect on students achievement in computer-based and paper-based mathematics 
assessments. Wang et al. (2007) noted a mean Effect Size difference of -0.059 between tests, 
which was similar to the Effect Size difference of 0.14 noted in this research. Research by 
Poggio et al. (2004) also supports the PVAT findings, with Effect Size difference of 0.015 
noted between paper and CBA tests of the same content. It is important to note that research 
by Poggio et al. (2004) did note a difference in the performance of individual items in each 
mode. Differences at an item level were also observed in the PVAT and PVAT-O trial (see 
Appendix SS). For this reason, further investigation is required to determine the possible 
causes and implications of these item-level differences. 
A concern when looking at the PVAT-O and PVAT was the effect of the construct-irrelevant 
factor: speededness. Speededness is defined as the ability to work quickly when taking a test 
(Huff & Sireci, 2001). It was hypothesised that the PVAT-O would take longer than the 
PVAT to complete and this was confirmed in the trial. Two possible explanations for this 
were found in the research. Muter (1996) noted that reading speed was slower on a computer 
compared to printed text, while Pommerich (2004) observed that students took time to 
navigate using the mouse, particularly when the interface was new or unfamiliar. The design 
of the PVAT-O interface and the navigation of the site were purposely kept as simple as 
possible so as to not confuse the students. However, children took time to become accustomed 
to locating the navigation buttons and placing the cursor in the appropriate location to answer 
such items. This finding supports the need to allow students longer to complete the PVAT-O 
compared to the PVAT and the importance of providing tutorials or practice sessions on CBA 
platforms to ensure the students are familiar with the site. 
Another significant influence on the speed of the PVAT-O was the technological 
infrastructure available at School C. The technological requirements to facilitate an online 
assessment program rely heavily on the capacity of the school’s connection to the Internet and 
their computer resources. As Csapo et al. (2012) noted, at a minimum a school must have the 
capacity to allow all the children completing the assessment concurrent access to the Internet 
DISCUSSION 
309 
while still supporting the Internet requirements of the other students and teachers at the 
school. In the PVAT-O trial it was noted that some computers took a great deal longer than 
others to move through the PVAT-O. This probably frustrated and disadvantaged the students 
working on the ‘slow’ computers. Likewise, at different times the Internet took more time to 
load the website, again frustrating the students who were eager to begin the PVAT-O. 
Another issue encountered at School C was that there were only 15 co-located computers. 
While the counter-balanced nature of this trial meant that only 15 computers were required at 
any one time, in reality classroom teachers at this school would need two sittings of the test 
before all their students were assessed. As Huff and Sireci (2001) correctly note such issues 
may influence the validity of the test and thus are important considerations before a school 
undertakes a CBA program. 
7.8.1 Was Audio Assist a Useful Feature of the PVAT-O? 
The reading requirements of mathematics assessments can increase the amount of construct-
irrelevant difficulty for students with reading difficulties (Messick, 1995). As a result students 
can be disadvantaged from answering mathematics items because they struggle to read the 
stimulus. With this in mind, wherever possible the reading complexity of PVAT items was 
kept to a minimum. However, in a paper-and-pen assessment, reading is almost unavoidable. 
By contrast, the CBA platform allowed the inclusion of a feature to reduce the reading 
demands of the assessment—the audio assist. 
Parshall and Balizet (2001) state that speech audio can be used to supplement or enhance 
communication with students in a computer-based assessment. The audio assist feature 
allowed students to click on a button and hear the item read aloud to them through 
headphones. Audio assist is particularly relevant in mathematics assessments, where reading 
is often a supplementary skill that is not being assessed. While few CBA assessments have 
included audio assist, the work of Williams, Sweeny, and Bethke (1999) suggested that this 
feature could result in improved measurement of the mathematics skills of those students with 
reading deficiencies. In the case of the PVAT-O, all students, irrespective of their level of 
reading ability, were provided with access to the audio assist. This type of test design is 
described as ‘universal design for assessment’ (Johnstone, 2003; S. Thompson, Johnstone, & 
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Thurlow, 2002). Such design principles have the potential to even the playing field for 
students and provide the choice of whether or not to use a feature like audio assist. 
Results from the PVAT-O suggest that students who reported using the audio assist 
performed slightly better on the PVAT-O compared to their PVAT score. In comparison, 
those students who did not report using the audio assist performed slightly better on the 
PVAT compared to the PVAT-O. While no obvious gender or age-related bias was noted in 
regards to the students who used audio assist, it was observed that the audio assist users mean 
achievement was lower than that of the non-audio assist users. This suggests that students 
who used the feature had a poorer knowledge of the content being tested. This is interesting in 
light of the work by Clariana and Wallace (2002) and B. Watson (2001) whose research found 
that higher achieving students (those who had a better knowledge of the content being tested) 
adapted to the CBA better than lower achieving students and performed better in this mode 
relative to their paper score. This finding is in contrast to the PVAT-O findings, where the 
audio users were lower achieving in their knowledge of content, yet performed better on the 
PVAT-O than the PVAT. As Clariana and Wallace (2002) and B. Watson (2001) did not 
provide audio assist in their CBA assessments this may explain the difference noted between 
such studies and the PVAT-O findings. 
The audio assist feature also provides possibilities for the assessment of Language 
Background Other Than English (LBOTE) students. Item stimuli may be written in English 
but supported by audio translations in a second language. Including these translations may 
diminish construct-irrelevant variance due to second language proficiency noted by Sireci and 
Wells (2010). In the USA, the No Child Left Behind Act (2002) requires assessments to be 
provided “in the language and form most likely to yield accurate data on what such students 
know and can do in academic content areas, until such students have achieved English 
language proficiency”(Sec. 1111(b)(3)(C)(ix)(III)). Yet this rarely occurs in Australia, 
particularly in remote Australian Indigenous schools. 
Students in remote Indigenous communities have been found to be disadvantaged by the 
linguistic and cultural demands of having to complete traditional assessments in English 
(Meaney, McMurchy-Pilkington, & Trinick, 2012). Siemon, Bradbury, Christie, Johnstone, 
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McMahon, Virgona & Walta (2009) found that when Indigenous students completed 
assessments which had been translated into their native language their results on the same 
assessments improved. Warren and de Viers (2009) noted the importance of teachers 
providing a ‘bridge’ for young Indigenous students as they come to understand new language, 
concepts and vocabulary associated with numeracy. A dual-language version of the PVAT-O 
could be a means of providing this ‘bridge’ between Indigenous languages and Standard 
Australian English. Clearly this is no easy task in Australia where there are over 50 
Indigenous languages reported to be in use (Klenowski, 2009). Nonetheless, the use of 
recorded translation presents the possibility to improve the test administration integrity and 
importantly the equity of assessments within these communities. With considerable work 
required by mathematics educators, teachers and native language speakers to ensure the 
integrity of these translations, and notwithstanding the need for schools to have appropriate 
technological infrastructure, the audio assist feature appears to warrant further investigation. 
7.8.2 Student and Teacher Opinions of the PVAT-O 
It is important to consider the affective aspects of the CBA mode. Huff and Sireci (2001) note 
that students may experience test anxiety simply because they feel a lack of familiarity with 
the CBA mode. This was evident in the PVAT-O trial. Student comments such as ‘you can 
lose all your work on the computer’ and ‘the computer is frustrating’ show the concerns 
students felt whilst completing the PVAT-O (see Section 6.7.1). Furthermore, observations of 
the students as they completed the tests showed that, as noted in the research by Pommerich 
and Burden (2000), many students were anxious to ensure their work was ‘saved’. 
Csapo et al. (2012) noted that the level of proficiency and familiarity students have with 
computers can affect their level of interest and approach to CBA. While the results of the 
survey conducted in the PVAT-O trial by no means provide a definitive indication of 
students’ proficiency or familiarity with computers, no correlation was found between the 
students’ mode preference and their achievement in that mode. That is, just because a student 
preferred the PVAT they did not necessarily perform better in that mode. Yet while students’ 
preference did not influence their results it was interesting to note that Year 3 and 4 males did 
show a clear preference towards the computer-based assessment (80% and 73%). This 
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supports the findings of Colley and Comber (2003) who noted that age and gender can 
influence the attitude of students to computers. This suggests the need to assist children to 
develop familiarity and confidence in the online mode of testing in order to ensure their 
performance is not influenced negatively. However, as A. Jones and Truran (2011) note, it is 
not only students who need to feel comfortable and familiar with CBA, so too must teachers. 
As schools develop their technological infrastructure the CBA mode of testing will become 
more widespread. As with most changes in education, the implementation of this mode will 
impact teachers (Collinson & Cook, 2001). Although the sample of teachers surveyed in the 
PVAT-O trial was limited (N = 7), their insights highlight some of the important issues in the 
CBA debate for teachers. These include the advantages associated with the speed and 
accuracy of CBA results and the perceived disadvantages associated with the technological 
fragility of the mode. 
Research into computer education has shown that some teachers lack confidence with 
computers and feel scared and anxious about using them (Russell & Bradley, 1997). 
Considering that this research took place in 1997 one questions the extent to which this still 
holds true, particularly in general computer usage. Yet the results from the PVAT-O teacher 
survey suggest that the pressure associated with administering a test on an unfamiliar website 
or testing platform makes teachers feel anxious about CBA. These findings highlight the 
importance of explaining CBA tools thoroughly to teachers and providing them with 
assistance from a technician, or someone who is confident with the testing interface to ensure 
the teachers feel confident in administering the test. 
Another concern mentioned by a teacher at School C was the diagnostic information that may 
be disregarded when the test is marked by the computer database. Doig (2011) supports this 
concern by noting that ‘off site marking’ does little to assist teachers to develop their 
knowledge of common student errors and misconceptions, because teachers are provided with 
an overall score rather than information on individual items. The Specific Mathematics 
Assessments that Reveal Thinking (SMART) tests (University of Melbourne, 2012), provide 
an example of a CBA platform which assists teachers to recognise common student errors. 
The SMART assessment platform presents teachers with a summary of common 
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misconceptions identified from a pool of student responses. As Stacey and Wiliam (2013) 
note, this provides teachers with useful diagnostic information rather than just a raw score. 
With the PVAT-O database designed to allow teacher to view all their students’ responses to 
individual items simultaneously, this will enable teachers and schools to make full use of all 
student data collected in the test. 
7.9 Chapter Summary 
Chapter Seven discussed the issues highlighted by the findings presented in Chapter Six. This 
chapter makes the following important points: 
● The PVAT Developmental Progression provides teachers with a user-friendly practical 
guide to the stages students take in place value development. The progression summarises 
and simplifies the Rasch data for teachers and will allow PVAT assessment data to inform 
practice. 
● Each stage in the PVAT Developmental Progression provides important insights in the 
most effective way to support students develop their knowledge of place value. 
● The PVAT Developmental Progression suggests that using the size of numbers to indicate 
development in place value knowledge is an oversimplification of students’ development. 
This contradicts the ENRP place value framework, and curriculum documents such as the 
VELS and Australian Curriculum: Mathematics and has important implications for 
teaching. 
● Rename is a crucial aspect of place value that appears to be difficult for students because 
it relies on a deep understanding of composite units. It is important that teachers are 
assisted to understand the importance of this aspect and that curriculum and research into 
place value uses consistent and unambiguous terms to describe this skill. 
● The PVAT both extends and questions the findings from other place value frameworks. It 
is the only framework to identify and empirically measure the progression Year 3 to 6 
students make in relation to the six aspects of place value proposed in this project. 
● The student achievement measured by the PVAT highlights the importance of using 
formative assessment to guide instruction and professional development associated with 
assessment and data to support teachers. 
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● There is a substantive gender difference between males and females achievement in place 
value as measured by the PVAT. This supports other research in the field. However, the 
PVAT results also suggested that males and females improved the same amount over the 
ten-week teaching period, which is at odds with previous research in this area. 
● The PVAT provides teachers with quality place value assessment covering six aspects of 
place value, across a range of difficulty levels. The assessment provides two forms that 
enable teachers to measure learning and teach in a formative manner. 
● In the PVAT no empirical evidence was found to link the capacity to estimate to the 
construct of place value. This suggests that estimating may require a distinct set of skills 
and knowledge compared to place value. However, until construct-irrelevant variance and 
the influence of scoring using partial credit is investigated further, the finding cannot be 
confirmed. 
● Providing computer-based assessment is a practical alternative in schools. The fact that 
the PVAT and PVAT-O are comparable suggests teachers can use them interchangeably, 
but the success of the PVAT-O relies heavily on the technical infrastructure available at a 
school. This infrastructure influences the speededness of the PVAT-O and the ability of 
teachers to administer the test concurrently to a class. 
● Audio assist appears to be a useful inclusion into the PVAT-O. This feature can be used to 
support all students and invites the possibility of using the feature to better assist LBOTE 
learners completing the PVAT-O test. 
● To ensure the success of the PVAT-O platform it is important to consider the affective 
factors that may influence students and teachers, including computer familiarity and 
competency. 
● The PVAT-O supports teachers by providing immediate results. The platform also 
provides the opportunity to present detailed diagnostic information to teachers related to 
student responses. 
The final chapter of the thesis, Chapter Eight, will attempt to bring together the findings of the 
research project. It summarises the project, describes how the findings are significant and 
addresses the limitations of the research. It concludes by recommendations for future 
research. 
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CHAPTER 8 
Conclusion 
This chapter revisits the motivation for this research, summarises the methods and key findings, 
and considers the limitations and implications of this research for future work. The significance 
of the project for teachers, schools and systems is presented in order to demonstrate how the 
findings may be used to inform and influence assessment and instruction in place value. 
8.1 Summary of Research 
Prior to this project the content necessary to teach place value was poorly defined for teachers 
and very little research had been conducted into students’ understanding of numbers beyond 
three-digits. This meant that there was a lack of quality empirically evidenced, 
psychometrically valid assessment tools and Developmental Progressions available to inform 
teachers’ practice. This project has taken an important first step in addressing these gaps. The 
research paradigm that underpinned this research was pragmatism with a view of learning 
informed by Cobb’s (1995a) emergent perspective. A mixed methods research design was 
used to investigate the construct of whole number place value in Years 3 to 6. 
The project was conducted in four distinct phases. Phase One involved the development of a 
test blueprint designed to set out the purpose and objectives of the Place Value Assessment 
Tool (PVAT). Next, distinct Hypothetical Learning Trajectories (HLTs) were developed for 
the seven aspects of place value: calculate, compare/order, count, estimate, make/represent, 
name/record and rename. These aspects had been identified from a comprehensive synthesis 
of the research literature associated with place value. Guided by the HLTs, PVAT items were 
designed and then field-tested at School A. The results from this field test were analysed to 
enable the creation of two parallel forms of the PVAT (Forms A and B) ready for pilot trial at 
School B. 
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Phase Two involved two pilots of the PVAT with the Year 3 to 6 students at School B. The 
purpose of this phase was to further revise and refine items so that parallel PVAT test forms 
could be constructed. At School B a sample of students was interviewed in order to determine 
the methods and approaches they used to answer the PVAT items. A Rasch analysis was 
conducted on the test data collected in both Pilot #1 and Pilot #2. The Rasch analysis was then 
used to verify that the PVAT items were addressing the same construct and determine if the 
test forms could be considered internally consistent. These results were used to identify and 
revise items that did not fit the model and guide the design of new items to address gaps in the 
item-person maps. At the completion of Phase Two, two parallel forms of the PVAT were 
constructed and considered ready for trial at School A (Forms C and D). During this phase a 
Teacher Focus Group meeting was facilitated. Through this meeting it became apparent that 
the teachers were concerned about the time the PVAT would take to score. Consequently, 
another phase was included in the research—Phase Two (a). This phase was used to create 
and trial an online version of the PVAT. 
Phase Two (a) involved the construction and trial of the PVAT-O. The PVAT-O included 
‘identical’ items to the paper-and-pen PVAT, however some items included necessary 
computer-based features such as ‘drag and drop’. A counter-balanced trial was conducted 
with 227 Year 3 to 6 students at School C. The purpose of this trial was to determine, using 
Rasch analysis, whether the PVAT-O was an internally consistent test and whether the PVAT 
and PVAT-O were comparable. The results suggested that the PVAT-O was internally 
consistent and the PVAT and PVAT-O were comparable in mean item difficulty, mean 
student achievement and in the range of achievement covered. It was concluded that teachers 
could use the tests interchangeably. 
Phase Two (a) also investigated the duration of each mode, student and teacher mode 
preferences, and the implications of the audio assist feature. The results showed that the 
PVAT-O took slightly longer to complete than the PVAT, suggesting the importance of 
having satisfactory Internet speed and computer resources when implementing a computer-
based assessment program. Male students were found to display a slight preference for the 
PVAT-O mode compared to the PVAT, but this was not found to influence their achievement 
in this mode. Teachers also preferred the PVAT-O, mostly due to the immediate feedback it 
CONCLUSION 
317 
provided. Finally, the audio assist was found to be a useful feature of the PVAT-O 
particularly for lower-achieving students. 
Phase Three involved the trial of Final Forms A and B with 227 Year 3 to 6 students at 
School A. The purpose of the trial was to determine whether the Final Forms were internally 
consistent and parallel tests of place value. Two counter-balanced trials were conducted ten 
weeks apart. The results of a Rasch analysis of the data suggested that both forms of the test 
were internally consistent and parallel. The analysis also suggested that that students’ 
achievement on the PVAT improved with age and a substantive difference between 
achievement in male and female students was noted. 
Student interviews were conducted with 17 students, including nine students who had been 
interviewed two years prior in the PVAT item field test. The purpose of these interviews was to 
gain an indication of how the students approached the PVAT and also to determine their current 
ENI Growth Point. These interviews allowed comparisons between the ENI and the PVAT to be 
made, including a comparison of 2010 and 2012 data. Such comparisons suggested that the 
improvement noted over the two-year period as measured by the ENI and the PVAT differed and 
indicated that the PVAT provided a more detailed picture of students’ place value knowledge. 
Phase Four involved the creation of the PVAT Developmental Progression for place value. 
The Rasch analysis data collected in Phase Three was used to inform the construction of a 
comprehensive Developmental Progression for whole number place value. Student knowledge 
was summarised into four broad categories or ‘stages’ of place value development. Within 
each stage the thinking, skills and knowledge typified by students at that point in their 
development was described. The qualitative insights gathered through the 15 Kidmap student 
interviews conducted in Phase Three were used to further verify the authenticity of each stage. 
The significance of the Phase Two (a), Three and Four findings are discussed in Section 8.2. 
8.2 Significance 
This research is considered to make a significant contribution to changing teachers approach 
to whole number place value assessment and instruction in Years 3 to 6. The major findings 
of this project are considered to be the validation of the six aspects of place value, the 
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development of the PVAT assessment and creation of the PVAT Developmental Progression, 
which highlights the importance of rename aspect and the irrelevance of number size. These 
findings are further discussed in Sections 8.2.1 to 8.2.3. 
8.2.1 The Six Aspects of Place Value 
In Chapter Two a major issue noted was the lack of an agreed definition of the necessary and 
sufficient skills required to teach place value. As described in Chapter One, rather than spending 
time reflecting on how to teach place value teachers were grappling with defining what they 
needed to teach. This problem was further compounded by the use of confusing and imprecise 
terms both in curriculum documents and place value progressions (e.g., Australian Curriculum: 
Mathematics, Victorian Essential Learning Standards (VELS) and the Early Numeracy 
Research Project (ENRP) Growth Points). Teachers were confronted with the interchangeable 
use of words such as regroup, rearrange, borrow and partition to describe actions that were 
fundamentally describing the same skill: renaming. This research project challenged the use of 
such terms and established a more precise way to present place value content to teachers. 
The first step in improving the teaching of place value was to explicitly define the construct. 
Seven carefully selected unambiguous terms were used to label the skills considered 
necessary in place value. Using PVAT items designed to address each aspect, evidence was 
gathered about their link to the construct. Rasch analysis empirically confirmed that six of the 
original seven aspects (calculate, compare/order, count, make/represent, name/record and 
rename) addressed the uni-dimensional construct of place value. The empirical identification 
of the six aspects is considered to be a significant step forward in place value research. 
Teachers can use the six aspects as a framework to ensure they are addressing all the 
necessary skills required for place value competence. As the PVAT assessment and the PVAT 
Developmental Progression are also based around the six aspects, using these instruments 
may further support teachers in becoming aware of the inherent difficulties encountered by 
students within each aspect. This knowledge could enable teachers to develop a deeper 
understanding of each aspect and assist them their teaching. 
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The experience of this project suggests that even a relatively short exposure to the key ideas 
of the six aspects can influence teacher practice. After only a 75-minute session many 
teachers stated that they then felt encouraged to change their approach to place value 
instruction. Teachers from all year levels were able to relate to the six aspects and these were 
seen to provide teachers with a ‘common language’ in place value. In this way the six aspects 
could be used to form an important first step in developing a whole school approach to the 
teaching and learning of place value. In the pre-service teacher education field the six aspects 
could also be used to assist those teachers to develop a deep appreciation of the variety of 
place value content they should focus on when tackling this challenging topic with students. 
The six aspects also provide the opportunity to be used in the area of place value resource 
development. Teaching resources may use the definitions of the aspects to clearly describe place 
value to teachers, students and parents. Further, basing the content offered in textbooks, student 
worksheets, websites and Apps around the six aspects may also challenge authors to look 
further than the superficial place value content seen in many resources (see Appendix EEE). 
Finally, the six aspects could form the basis for future research in place value. Research based 
on the aspects would enable further systematic and detailed investigation of this construct. 
Such research could provide important information about the interplay of the aspects and the 
possible existence of other aspects, for example estimate. The six aspects could also be used 
to make important links between the decimal and whole number systems. For example, just as 
in whole numbers, it is possible to count, rename, compare, represent, calculate and record 
using decimal numbers. Extending the PVAT research in this way could provide evidence of 
the progression students make in each aspect beyond whole number place value. Prep to Year 
2 students’ understanding of each aspect could also be investigated. In this way, research 
based on the six aspects has the possibility of providing much needed direction and clarity in 
this construct across the whole Primary school. 
8.2.2 The PVAT Assessment 
Chapter Two established that there is not currently a comprehensive paper-and-pen whole 
number place value assessment for Year 3 to 6 students that addresses all six aspects of place 
value. As the PVAT has addressed this gap, its development is considered significant. 
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At a classroom level, the PVAT assessment could influence place value instruction 
significantly. In Chapter Six, several teachers commented that they were surprised with their 
students’ PVAT results. This small but important insight addressed the crux of the problem 
identified in Chapter One: the absence of a quality assessment in place value. Whether 
teachers were surprised because their students did better or worse than they expected on the 
PVAT is not the main issue. The fact that they were surprised demonstrated they were 
unaware of the true extent of their students’ knowledge in this construct. Providing teachers 
with comprehensive and accurate information about their students’ whole number place value 
knowledge will allow more targeted teaching of this construct to occur. 
The PVAT is also significant because it may encourage teachers to see the importance of 
assessing for learning rather than of learning. Two parallel forms of the test will enable 
teachers who use the instrument to accurately measure student learning over time. In this way 
the test can be used to both inform and evaluate instruction. Further, as the test covers a range 
of year levels and links directly to the PVAT progression, the results gathered from the test 
may encourage teachers to focus on each student’s point of need when providing instruction, 
rather than being guided by oversimplified place value curriculum descriptors. Considering 
the Effect Size improvements noted in students when teachers use formative assessment (E.g., 
Black and Wiliam, 2004; Hattie, 2012; Izard, 2002a), providing teachers with a quality 
formative assessment to guide their place value instruction is seen as a significant step 
towards improving student achievement in place value. 
In the development phase of the PVAT the importance of teacher-practicality was considered. 
Providing teachers with a comparable online version of the PVAT (the PVAT-O), 
acknowledges that schools and teachers come from a variety of different circumstances. In 
theory, Computer Based Assessment (CBA) provides an alternate platform for test 
administration about which teachers are largely positive. In practice, however, teachers and 
students still have valid concerns which need to be addressed. Essentially the success of CBA 
relies on a school’s technological infrastructure. Without appropriate equipment delivery of 
CBA will be problematic. Such problems reinforce the capricious nature of technology and 
contribute to feelings of angst in both teachers and students. Thus a pragmatic approach that 
provides comparable paper-and-pen and CBA tests, as seen in the PVAT and PVAT-O, is 
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considered significant as it means that either form of the test can be used in schools across 
Victoria. 
8.2.3 The PVAT Progression 
In Chapter Two it was noted that there was a clear absence of research into students’ 
understanding of place value in Years 3 to 6. Most research-based place value progressions 
focused on students’ understanding of two-digit numbers. Furthermore, no place value 
progressions were developed from large-scale data using Item Response Modelling. In this 
way the PVAT Developmental Progression is considered to make a significant contribution to 
research in this construct. 
At a classroom level the PVAT Developmental Progression is possibly the most significant 
development of this research. The teacher-friendly PVAT Developmental Progression enables 
the crucial link between the PVAT assessment and classroom instruction to be made. Through 
administering and scoring the test and using the raw-score-translator, a student’s PVAT Stage 
can readily be determined. From this teachers are provided with a clear indication of the place 
value knowledge a student currently possesses. By looking at the next stage in the progression 
teachers are then able to identify the knowledge that is within a student’s zone of proximal 
development (ZPD) and structure their teaching accordingly. 
The progression provides teachers with a comprehensive summary of the path students may 
take to understand place value. Access to this progression could assist teachers to develop 
their general pedagogical content knowledge in the construct of place value. The PVAT 
progression encourages teachers to take a holistic view of place value where they are focused 
on the underlying understanding required by students. Importantly, it was seen that 
progression in place value is not based on the size of numbers, as suggested by both the 
ENRP Growth Points and the Australian Curriculum. This significant finding may well 
influence the approaches taken to place value teaching and learning at both a curriculum and 
classroom level (see Section 8.3.1). 
The progression has also highlighted the inherent difficulty of the rename aspect. This project 
has shown that rename was not included in the VELS curriculum, not assessed in the ENI and 
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ambiguously referred to in the Australian Curriculum: Mathematics. Yet the PVAT 
progression suggests that this aspect can be considered one of the most difficult and critical 
aspects of place value. Rename requires students to demonstrate an abstract understanding of 
the relationship between composite units, something that is critical when coming to 
understand the number system. This finding could influence the emphasis placed on this 
aspect in classrooms, textbooks, websites and curriculum documents. 
The PVAT progression is also significant because of the practical link it makes with 
instruction. If the six aspects can be considered to describe what to teach in place value, the 
progression describes how to teach place value. As exemplified by the ENRP Growth Points 
shown in Chapter One, progressions can be vague and provide little explicit guidance for 
instruction. However, when one looks in detail at each PVAT Stage in Chapter Seven, it is 
clear that there are major teaching foci present within each aspect. These foci could provide 
an important framework for place value instruction (see Table 8.1). 
Table 8.1. Major teaching foci for each aspect of place value according to PVAT Stages 
Aspect of place 
value Stage One Stage Two Stage Three Stage Four 
Calculate Simple addition and 
multiplication 
involving ten 
Complete basic 
calculations 
involving composite 
units 
Complete 
calculations 
involving multiples 
of ten 
Understand 
conceptual meaning 
behind 
multiplication and 
division involving 
multiples of ten 
Compare/Order Find largest/ 
smallest numbers 
up to five digits 
Identify number in 
‘between’ two 
values 
Comparison 
involving composite 
units 
Multiplicative 
comparison 
Count Consolidate 
language of 
‘before’, ‘after’, 
‘less’ and ‘more’ 
Bridging over 
centuples 
Make link between 
renaming and 
counting 
Flexible counting in 
multiple place value 
parts 
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Aspect of place 
value Stage One Stage Two Stage Three Stage Four 
Make/Represent Word/block 
association for base 
ten model 
Demonstrate 
understanding of 
base ten blocks 
Flexible use of 
canonical/non-
canonical 
representations 
using proportional 
and non-
proportional models 
Understand 
representations of 
models from other 
bases 
Name/Record Read and write 
numbers to 100 
Recognise recursive 
pattern in number 
system when 
reading and writing 
numbers 
Read/write numbers 
of any magnitude 
 
Rename Recognise how 
many tens in one 
hundred 
Recognise basic 
composite units 
when renaming 
Understand 
meaning of 
‘altogether’ when 
renaming 
Recognise decimal 
parts when 
renaming 
 
A summary like this provides teachers with a practical way to link the broad categories of the 
stages with specific teaching points for each aspect. Clearly there is a fine line between being 
too prescriptive and too broad when providing descriptions in Developmental Progressions. 
While the PVAT progression is relatively broad, the presence of the six aspects allows each 
stage to be broken down into tangible content for teachers to address. This provides 
invaluable support and structure to guide and inform place value instruction, something seen 
in Chapter One as not being provided to Years 3 to 6 teachers in Victoria. 
8.3 Implications 
In Section 8.2 the significance of this research was discussed. Section 8.3 discusses the 
implications the findings have for the development of quality place value assessment and 
curriculum. 
8.3.1 Quality Assessment 
This research highlights the importance of providing teachers with quality assessment tools. It 
shows the responsibility that researchers and test developers need to ensure that the tools they 
create are valid and reliable. While the manner in which teachers choose to use the data 
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gathered from assessments may vary, disseminating quality assessment ensures that teachers 
have access to the information they require to optimise their instruction. 
Assessment in the area of Primary school mathematics comes in several forms, each with its 
own purpose and objective. Assessment must be age- and content-appropriate, manageable for 
teachers to use, and provide accurate data on each student’s level of understanding. Yet to 
ensure teachers are provided with valid and reliable assessments it is imperative that a more 
systematic way of reviewing and disseminating assessments is developed. 
Most teachers assume that if an assessment has been published it is valid and reliable. 
Teachers rarely have a chance to audit assessment tools or think carefully about the 
information each provides. They trust that the instrument will provide appropriate information 
about their students and address appropriate content. Yet as was shown in Chapter Two in the 
area of place value, this is not always the case. One way to address this issue is to create a 
database which presents schools with information and reviews of assessment tools. Such a 
database would enable teachers to be fully informed about the test administration, the content 
addressed and the perceived advantages and disadvantages of each tool. As an example, Table 
8.2 shows the type of information that can now be provided about the PVAT. 
Table 8.2. PVAT assessment summary 
Assessment Place Value Assessment Tool (PVAT) 
Mode Paper-and-pen (PVAT) or online (PVAT-O) 
Format Mostly short answer constructed response items 
Type Formative (two parallel test forms provided), but could be used as summative test 
where required. 
Analysis method Rasch analysis 
Duration Approximately 40 minutes (around 60 items) 
Student population Year 3 to 6 students (may also be appropriate for students at end of Year 2 and 
beginning of Year 7) 
Content Addressed Whole number place value items relating to: calculate, compare/order, count, 
make/represent, name/record and rename. 
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Assessment Place Value Assessment Tool (PVAT) 
Content not 
assessed 
● Initial place value (Years F, 1 and 2) 
● Decimal place value 
Advantages ● PVAT and PVAT-O tests are comparable. 
● Online version has read-aloud accommodation for students who struggle with the 
reading demands of the test. 
● Links to a Developmental Progression for place value. 
● Two parallel test forms of PVAT are available. 
Disadvantages ● Does not use an interview format to provide higher order thinking information on 
students for teachers 
● Young students may struggle with the reading demands of the test. 
 
The information above would allow teachers to make informed decisions about whether the 
PVAT was an appropriate tool for their needs and, if not, could provide examples of other 
assessments they may consider. Such a database could be enhanced by identifying 
instructional materials that teachers could use to further support their teaching. 
By creating a nationwide database, teachers and schools would have access to a much larger 
range of assessment tools and, subsequently, associated instructional materials. This would 
avoid them, as is often the case, being limited to the assessments commonly used in their 
state. Similarly, it would allow researchers to systematically address the mathematics 
curriculum areas that lack quality assessment tools and relevant instructional materials. With 
the implementation of the Australian Curriculum, now is the perfect time for schools across 
the nation to share statistically defensible tools like the PVAT and take steps towards 
improving the quality of mathematics assessment and teaching in Australia. 
8.3.2 Development of Quality Place Value Assessment and Curriculum 
It has been shown that in order to comprehensively assess the construct of place value, 
content must address all six aspects at varying levels of complexity. Many place value 
assessments, like those reviewed in Chapter Two, provided an inadequate sample of items 
and/or addressed a narrow range of content. These assessments can provide misinformation to 
teachers and systems about student attainment in place value. As such, particularly in large-
scale generalist mathematics assessments such as NAPLAN and TIMSS, careful 
consideration must be given to the items selected to measure place value knowledge. As this 
CONCLUSION 
326 
project has noted the importance of the rename aspect of place value, this content seen to be a 
particularly critical inclusion in any place value assessment. 
In Chapter One, the ENRP Growth Point Framework was noted to be the impetus for this 
research. Anecdotally the researcher observed that the ENRP framework and associated Early 
Numeracy Interview (ENI) appeared to be providing incomplete information about student’s 
place value knowledge. Students who were considered ‘experts’ in place value according to 
the ENRP framework were noted to have gaps in their place value knowledge. In retrospect 
this appears to be a result of the limited range of place value content addressed in the ENRP 
framework and ENI. As noted by Gervasoni et al. (2011) focusing only on the skills required 
to read, write, interpret and order numbers gives teachers an inflated impression of students’ 
place value knowledge. On the basis of the results presented in Chapter Six, and in order to 
support the growth of knowledge in the field of mathematics education, the ENRP team may 
like to consider the following recommendations to further develop their assessment 
procedure: 
1 Develop items to address all six aspects of place value, particularly rename, which is not 
currently addressed in the ENI assessment. 
2 As test items are currently presented in order of Growth Point (thus according to 
increasing number size), allow teachers to administer all items on the ENI even if students 
respond incorrectly to some items. This may provide a more accurate overall picture of 
student understanding in place value. 
3 Clearly define for teachers what the skills of read, write, interpret and order involve. 
4 Reconsider description of progression in place value according to the size of numbers in 
the Growth Points. 
5 Use Rasch analysis to determine the internal consistency of the test. 
6 Provide teaching suggestions/ instructional tasks to support the Growth Point Framework. 
The PVAT Developmental Progression is also seen to have important implications for the 
development of place value curriculum. The findings of this project suggest that the way in 
which the current Australian Curriculum: Mathematics document describes place value 
progression is an oversimplification that is misleading for teachers. Consequently it is hoped 
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that this project will initiate further research into place value to encourage curriculum 
developers to change the way progression in this construct is described for teachers. One 
hopes that this research will also encourage curriculum developers to take note of the 
extensive amount of knowledge required for a student to be a whole number place value 
‘expert’ and consider delaying the introduction of decimals in the Primary school curriculum. 
In this way the PVAT assessment and progression are considered to have many significant 
implications in Primary school mathematics education. 
8.4 Limitations and Recommendations for Further Research 
Several limitations were noted in this research and these led to the development of 
recommendations for further research. These include the need for further trial and analysis of 
the PVAT Final Forms, the need for further investigation into the PVAT-O, the development 
of assessment strategies for younger students, the use of the PVAT for formative assessment 
purposes and the need to develop instructional tasks. Sections 8.41 to 8.45 explore each of 
these issues. 
8.4.1 Further Trial and Analysis 
A limitation of the study was the number of schools where the Final Forms underwent trial. 
Over the course of the research the PVAT was trialled at two different schools with a total of 
over 600 students. While collectively this is a relatively large sample of students, most trials 
took place in the piloting phase of the project, which meant that only around 220 students (at 
School A in Phase Three) tried the Final Forms of the test. As such, a large-scale trial of the 
Final Forms of the PVAT is warranted. A range of city, rural, Government, Catholic and 
Independent schools could provide rich data on the test forms and allow further validation of 
the Developmental Progression. Trials with Year 2 and Year 7 students could also determine 
if the test provides useful information on the knowledge of these students. The limited 
number of students that were involved in the longitudinal study (nine students) of the PVAT 
also suggests that further investigation into the improvement of students over time is required. 
Further trial of the PVAT could also provide deeper insights into the gender issue noted at 
School A and C. One of the major findings of this research was the substantive gender 
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difference between male and female achievement. As the exact cause of these gender 
differences was difficult to pinpoint, further investigation including analysis of Differential 
Item Functioning (DIF) results by gender for the PVAT items is warranted. 
Over the course of this research more than 48,000 written responses and over 3000 recordings 
of students’ responses to PVAT items were gathered and analysed. In this project these 
responses provided a broad picture of student progression, errors and misconceptions. 
However in future research this rich data set could be analysed systematically to look at the 
individual responses of all students to each item in each stage. Such analyses would enable an 
even more detailed understanding of student thinking and errors to be gathered. From this 
analysis instructional tasks could be designed to specifically address the common student 
errors and allow investigation into any substantive departures from the PVAT Developmental 
Progression. 
8.4.2 The PVAT-O 
The fact that the PVAT-O was only tested at one location was a limitation of the study. As 
such, this test could undergo further trial at a variety of schools in order to further confirm the 
comparability of the PVAT and the PVAT-O. 
For those schools able to use the PVAT-O platform there are many opportunities for further 
development. These could include programming the database to pinpoint each student’s 
location on the PVAT Developmental Progression. This feature would provide teachers with 
an immediate indication of the student’s PVAT Stage when they have completed the test. In 
turn, the PVAT-O website could be programmed to offer teaching advice and instructional 
tasks specific to each student’s point of need. Furthermore, through the development of a 
parallel form of the PVAT-O (only one form of the PVAT-O was created in this research 
project), the test could be administered as a formative assessment based entirely in the CBA 
mode and electronically measure student learning over time. Clearly, a website based around 
a comprehensive formative assessment which links student data with a Developmental 
Progression, teaching advice and instructional tasks would provide invaluable support to the 
teaching of learning teaching of place value in Year 3 to 6. 
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8.4.3 Development of Assessment Strategies for Younger Students 
While formal paper-and-pen or computer-based assessment instruments may not be 
appropriate for Prep, Year 1 and even Year 2 students, teachers of these students still require 
support to accurately assess place value knowledge. In both Teacher Focus Group meetings at 
School A and B the Prep to Year 2 teachers were very interested in hearing about the PVAT 
tool and how they could use the information presented with their own students. Consequently, 
it is important that quality place value assessment strategies be developed across the entire 
Primary school and not just in Year 3 to 6. 
8.4.4 Use of the PVAT for Formative Assessment. 
The PVAT is intended to be used as a formative assessment. In this way the results of the first 
administration of the test should be used in conjunction with the Developmental Progression 
to guide teachers’ instruction. When using the instrument in this way it is also important to 
provide teachers with a procedure to evaluate student’s progress over time in the most 
accurate way. Such a procedure needs to include progress within a stage as well as 
appropriate measures of progress between stages. 
It is considered important to use the Quest (Adams & Khoo, 1996a) raw score and scale score 
equivalence tables with associated information on standard errors to inform decisions about 
the magnitude of progress by students. Presenting such information in a ‘teacher-friendly’ 
format remains an area for further development. 
8.4.5 Development of Instructional Tasks for place value. 
As noted in Chapter Two, D. Clements and Samara (2004) suggest the importance of 
designing instructional tasks to support teachers to implement Developmental Progressions in 
classrooms. As such, it is considered vital to use the PVAT progression to design and trial 
appropriate instructional tasks. 
It is envisaged that the instructional tasks would be developed in consultation with teachers 
who have used the PVAT. The tasks would be designed around the six aspects of place value 
and would progress in difficulty according to the four stages identified in the PVAT 
Developmental Progression. Trials and observation of the way students engage with the tasks 
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could be used to provide further qualitative insights into the accuracy of the PVAT 
progression and determine if progression in place value is related to maturity or can be aided 
by the use of these instructional tasks. 
8.5 Conclusion 
From a problem noted in a classroom, confirmed in the literature and finally addressed 
through research, this project exemplifies the importance of supporting a reflexive 
relationship between research and teaching. As Ausubel’s dictum states: The “most important 
single factor influencing learning is what the learner already knows. Ascertain this and teach 
him accordingly” (1968, p. vi). Therefore, if teachers are to improve their teaching of place 
value in Years 3 to 6, they must be able to ascertain accurately what students already know. 
This can now be achieved through the comprehensive formative assessment tool called the 
PVAT. To teach accordingly teachers must understand the development students make in 
place value. This can now be seen through the four stages in the PVAT Developmental 
Progression. As a direct result of using these instruments in Year 3 to 6 classrooms the place 
value learning of expert, apparent expert and not yet expert students in Victoria is anticipated 
to be, as Ausubel describes, influenced. 
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APPENDIX A 
Relevant Project/Ethics Documents 
School A: Plain Language Statement (PLS) for Principal and Teachers 
Dear XXXXXX, 
My name is Angela Rogers and I am currently completing my PhD at RMIT University. The 
supervisor for my project is Professor Dianne Siemon and the project has been approved by 
the RMIT Human Research Ethic Committee (ref. no: CHEAN B-2000350-06/10) and the 
Catholic Education Office Melbourne (ref. no: GE10/0009). The title of my research is 
Improving whole number place value assessment in Years 3-6: Unmasking the ‘experts’. Your 
school is invited to participate in my research project. 
This information sheet attempts to describe the project in straightforward language. Please 
read this sheet carefully and be confident that you understand its contents before deciding 
whether to participate. If you have any questions about the project please feel free to contact 
me. 
This project involves developing and trialling a test to assess Year 3-6 students’ whole 
number place value knowledge. The project also involves looking at the effects of using this 
tool on the teaching of whole number place value in Years 3-6. The main research question is: 
Can an effective whole number place value assessment be developed for Year 3-6 students? 
Please be assured this project is in no way assessing the school’s or teachers’ individual 
performance. It is expected that three Catholic Primary Schools in metropolitan Melbourne 
will participate in the project. 
If I agree to participate, what will the project involve? 
Students 
In September 2010, 30 of your Year 3-6 students will be invited to complete trial items for the 
assessment tool in a group setting, taking approximately one hour. These students will be 
individually pre-tested using two commonly used school place value assessments, the Early 
Years Numeracy Interview and Assessment for Common Misunderstanding Level Two and be 
interviewed regarding their responses to the trial items. It is anticipated that these interviews 
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will take approximately 50 minutes per child. Parental permission will be required for all 
children completing individual interviews in the project. 
Two years later, in September 2012, the entire Year 3-6 cohort of students at your school will 
be invited to sit the pilot version of the place value pen and paper test developed in this 
project. This test should take no longer than one hour and will be based on place value content 
students in these year levels are expected to be familiar with. In December 2012, the Year 3-6 
cohort will once again be required to complete this test in order to track the development in 
their knowledge over the term. After the students take both these tests, the 12-13 students who 
were initially interviewed will be re-interviewed for approximately 50 minutes on their 
responses to the test, as will an additional 10-12 Year 3/4 students. I will correct, collate the 
data from all the student tests, therefore classroom teachers will not be required to complete 
this time consuming task. 
Teachers 
Teachers will not be involved in this research until 2012. They will be asked to anonymously 
complete 3 short surveys over the course of the term related to their opinions on the test their 
students complete. Further to this, in October 2012, I will facilitate an information session 
during a PLT where all your Year 3-6 teachers will be provided with the results of their 
students’ performance on the place value assessment test (PVAT). This will provide 
invaluable teaching and assessment data to the teachers as they begin Term Four with their 
students. 
What are the risks or disadvantages associated with participation? 
There are no risks associated with participation in research. One disadvantage may be the time 
required for teachers to complete the interview or the possible class time students may miss 
while completing the interviews. Please note that if teachers or students are unduly concerned 
about their responses to any of the survey or interview questions they should contact me as 
soon as convenient. I will be happy to discuss their concerns confidentially and suggest 
appropriate follow up if necessary. 
What are the benefits associated with participation? 
Teachers participating in this project have the opportunity to critically reflect on their teaching 
and assessment of whole number place value and be involved in the trial of a new whole 
number place value assessment tool specifically designed for Years 3-6. The teachers will 
also be presented with accurate, current place value assessment data on the students in their 
class at the beginning of Term 4 1012. Teachers will not have to correct or analyse any tests 
themselves. Without doubt, this data will greatly assist their teaching of this area. 
What will happen to the information I provide? 
All information obtained through this project will remain confidential. Data will be coded to 
ensure the anonymity of the school, teachers and students will be preserved at all times. All 
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data related to this project will be kept in a secure location and will be destroyed five years 
after the completion of the project. At the completion of the project a plain language report of 
the project outcomes will be made available, on request, to all participants. This report will be 
sent to the school. Any information provided in the project can be disclosed only if it is to 
protect participants or others from harm, participants provide researchers with written 
permission or a court order is produced. 
What are participants’ rights? 
All participants have the right to withdraw from participating in the project at any time, 
without question or prejudice and have their questions answered at any time. Participants can 
also request any unprocessed data to be withdrawn and destroyed, provided it can be reliably 
identified, and does not increase the risk for them. 
Whom should I contact if I have any questions? 
Please contact the investigators in this project if you have any questions or queries. 
● Mrs Angela Rogers (PhD student: angela.rogers@student.rmit.edu.au) 
● Professor Dianne Siemon (Project Supervisor: Professor, Education, RMIT University, 
dianne.siemon@rmit.edu.au , 9925-7916 
Yours Sincerely, 
Angela Rogers M.Ed, B.Ed 
 
Any complaints about your participation in this project may be directed to the Executive Officer, RMIT 
Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001. 
Details of the complaints procedure are available on the ‘Complaints with respect to participation in research 
at RMIT’ page. 
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School A: Consent Letter to be Involved in Research for Principal 
To whom it may concern, 
This letter is to confirm that as Principal of XXXXXXX our school is willing to participate in 
the Mathematics Education Research Project being conducted by RMIT university PhD 
student Angela Rogers (s3274454). This project has received ethics approval from the RMIT 
Human Research Ethic Committee (ref. no: CHEAN B-2000350-06/10) and the Catholic 
Education Office Melbourne (ref. no: GE10/0009). 
In 2010 the project involves approximately 30 students completing a trial of items and be 
involved in interviews with Angela Rogers related to place value. Two years later in 2012, all 
Year 3-6 students will participate in two trials of a pen and paper whole number place value 
test, titled the PVAT (Place Value Assessment Task). The test will take approximately 50 
minutes and will be completed in class time. 
No students will be identifiable from the test for the purposes of research as a coding system 
will be used. After the tests have been corrected by Angela Rogers, the results will be 
presented to each classroom teacher in a professional development meeting. After each trial 
teachers will volunteer to provide their thoughts on the test in a short survey. 
As this is invaluable data for classroom teachers and the content of the test is completely 
related to the Mathematics curriculum Year 3-6 students are currently studying, I give my 
permission for our students to take part in the trial of the PVAT. 
Further to this, as part of the study in 2012 the students who still remain at the school and 
approximately 12 randomly selected students will complete an interview with Angela related 
to their responses to the PVAT. For students to participate in this part of the study, they will 
be required to obtain parental consent as per the requirements of the RMIT Human Research 
Ethic Committee and Catholic Education Office. 
Yours Sincerely, 
 
 
Principal of XXXXX 
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School A: PLS for Parents of students’ Involved in Individual Interviews 
Dear Parent/Guardian of ___________, 
My name is Angela Rogers and I am currently completing my PhD at RMIT University. The 
supervisor for my project is Professor Dianne Siemon and it has been approved by the RMIT 
Human Research Ethics Committee (ref. no: CHEAN B-2000350-06/10) and the Catholic 
Education Office Melbourne (ref. no: GE10/0009).The title of my research is Improving 
whole number place value assessment in Years 3-6: Unmasking the ‘experts’. 
Your child is invited to participate in this research project. This information sheet describes 
the project in straightforward language. Please read this sheet carefully and be confident that 
you understand its contents before deciding whether or not you are happy for your child to 
participate. If you have any questions about the project please feel free to contact me. 
This project involves developing and trialling a test to assess Year 3-6 students’ whole 
number place value knowledge. The project also involves looking at how using this test 
affects the teaching of whole number place value. The main research question is: Can an 
effective whole number place value assessment be developed for Year 3-6 students? It is 
expected that all Year 3-6 at your child’s school will participate in the main trial of the test. 
Furthermore, around 20 students of these students will be involved in the individual follow up 
interviews I am inviting your child to be involved in. 
Why has your child been approached? 
Your child has been randomly selected to be part of this project from the Year 3/4 cohort of 
students. 
If I agree for my child to participate, what will he/she be required to do? 
The entire Year 3-6 cohort of students at your school will be invited to sit one pre 
(September) and one post (December) pen and paper test related to whole number place value. 
These tests should take no longer than one hour each. After your child takes each of the pre-
test they will be individually interviewed by me related to their responses to each test item. A 
second interview will be conducted where your child will complete the place value Section of 
a commonly used classroom test- the Early Numeracy Interview (ENI). With your permission 
these interviews will be audio-taped. These tapes will remain completely confidential. 
What are the risks or disadvantages associated with participation? 
There are no risks associated with participation in research. One disadvantage may be the 
class time your child may miss when completing the interviews. Everything possible will be 
done to ensure this time is minimised and that the interviews take place at an appropriate time, 
agreed by the class teacher and student. Please be assured the contents of all the assessments 
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and discussions are highly relevant to the Mathematics curriculum at your child’s year level, 
therefore will be closely related to their regular classroom activity. 
Please note that if your child is unduly concerned about their responses to any of the test or 
interview questions or appears uncomfortable in the interviews, they will immediately be 
stopped. Participation in this study will not negatively affect your child’s ongoing assessment 
or treatment in the classroom setting. 
What are the benefits associated with participation? 
Students participating will have the chance to think critically about their responses to test 
questions and have the chance to discuss their mathematical thoughts and processes in detail 
with myself. Through participating in this project an in depth assessment of the student’s 
place value knowledge will be gained which will be invaluable information for your child’s 
classroom teacher. 
What will happen to the information my child provides? 
All information obtained through this project will remain confidential. Data will be coded to 
ensure the anonymity of the school, teachers and students will be preserved at all times. All 
data related to this project will be kept in a secure location and will be destroyed five years 
after the completion of the project. At the completion of the project, a plain language report of 
the project outcomes will be made available, on request, to all participants. This report will be 
sent to your child’s school principal. 
Any information provided in the project can be disclosed only if it is to protect participants or others 
from harm, participants provide researchers with written permission or a court order is produced. 
What are participant’s rights? 
All participants have the right to withdraw from participating in the project at any time, 
without question or prejudice and have their questions answered at any time. Participants can 
also request any unprocessed data to be withdrawn and destroyed, provided it can be reliably 
identified, and does not increase the risk for them. 
Whom should I contact if I have any questions? 
Please contact the investigators in this project if you have any questions: 
 
Mrs Angela Rogers (PhD student: angela.rogers@rmit.edu.au) 
Professor Dianne Siemon (Project Supervisor: Professor, Education, RMIT University, 
dianne.siemon@rmit.edu.au , 9925-7916 
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Yours Sincerely, 
Angela Rogers 
M.Ed, B.Ed 
Any complaints about your participation in this project may be directed to the Executive Officer, RMIT 
Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001. 
Details of the complaints procedure are available on the ‘Complaints with respect to participation in research 
at RMIT’ 
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School B: PLS for Principal and Teachers 
Dear ______________, 
My name is Angela Rogers and I am currently completing my PhD at RMIT University. The 
supervisor for my project is Professor Dianne Siemon and the project has been approved by 
the RMIT Human Research Ethic Committee (ref. no: CHEAN B-2000350-06/10) and the 
Catholic Education Office Melbourne (ref. no: GE10/0009). The title of my research is 
Improving whole number place value assessment in Years 3-6: Unmasking the ‘experts’. Your 
school is invited to participate in my research project. 
This information sheet attempts to describe the project in straightforward language. Please read 
this sheet carefully and be confident that you understand its contents before deciding whether 
to participate. If you have any questions about the project please feel free to contact me. 
This project involves developing and trialing a test to assess Year 3-6 students’ whole number place 
value knowledge. The project also involves looking at the effects of using this tool on the teaching 
of whole number place value in Years 3-6. The main research question is: Can an effective whole 
number place value assessment be developed for Year 3-6 students? Please be assured this project is 
in no way assessing the school’s or teachers’ individual performance. It is expected that two 
Catholic Primary Schools in metropolitan Melbourne will participate in the project. 
If I agree to participate, what will the project involve? 
Students 
In March 2011 and March 2012, the entire Year 3-6 cohort of students at your school will be 
invited to sit a pilot version of the place value pen and paper test. This test should take no 
longer than one hour and will be based on place value content students in these year levels are 
expected to be familiar with. You are welcome to see copies of the test before the trial 
commences. After your students take this test, approximately 17 randomly selected students 
will be individually interviewed for approximately 50 minutes on their responses to the test. I 
will correct and collate the data from all the student tests, therefore classroom teachers will 
not be required to complete this time consuming task. 
Teachers 
After each trial the Year 3-6 teachers will be asked to complete a short survey related to their 
opinions of the test. After Trial one I will return the results to the teachers ASAP and after 
trial two I will present teachers with the results of the study I have completed at your school. 
At the completion of this meeting the teachers will be asked to complete a short survey 
indicating their thoughts on the meeting and the results I present to them 
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What are the risks or disadvantages associated with participation? 
There are no risks associated with participation in research. One disadvantage may be the time 
required for teachers to complete the survey and the possible class time students may miss out while 
completing the interviews. Please note that if teachers or students are unduly concerned about their 
responses to any of the survey or interview questions they should contact me as soon as convenient. 
I will discuss their concerns confidentially and suggest appropriate follow up if necessary. 
What are the benefits associated with participation? 
Teachers participating in this project have the opportunity to critically reflect on their teaching 
and assessment of whole number place value and be involved in the trial of a new whole 
number place value assessment tool specifically designed for Years 3-6. Teachers will also be 
given the results from the trial of the test so they can have a better understanding of their 
students’ place value knowledge. 
What will happen to the information I provide? 
All information obtained through this project will remain confidential. Data will be coded to ensure 
the anonymity of the school, teachers and students will be preserved at all times. All data related to 
this project will be kept in a secure location and will be destroyed five years after the completion of 
the project. At the completion of the project a plain language report of the project outcomes will be 
made available, on request, to all participants. This will be sent to your school. Any information 
provided in the project can be disclosed only if it is to protect participants or others from harm, 
participants provide researchers with written permission or a court order is produced. 
What are participants’ rights? 
All participants have the right to withdraw from participating in the project at any time, 
without question or prejudice and have their questions answered at any time. Participants can 
also request any unprocessed data to be withdrawn and destroyed, provided it can be reliably 
identified, and does not increase the risk for them. 
Whom should I contact if I have any questions? 
Please contact the investigators in this project if you have any questions or queries. 
 
Mrs Angela Rogers (PhD student: angela.rogers@student.rmit.edu.au) 
Professor Dianne Siemon (Project Supervisor: Professor, Education, RMIT University, 
dianne.siemon@rmit.edu.au , 9925-7916 
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Yours Sincerely, 
Angela Rogers 
M.Ed, B.Ed 
Any complaints about your participation in this project may be directed to the Executive Officer, RMIT 
Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001. 
Details of the complaints procedure are available on the ‘Complaints with respect to participation in research 
at RMIT’ page. 
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School B: Consent Letter to be Involved  
in Research Project for Principal 
To whom it may concern, 
This letter is to confirm that as Principal of XXXXX, our school is willing to participate in the 
Mathematics Education Research Project being conducted by RMIT university PhD student 
Angela Rogers (s3274454). This project has received ethics approval from the RMIT Human 
Research Ethic Committee (ref. no: CHEAN B-2000350-06/10) and the Catholic Education 
Office Melbourne (ref. no: GE10/0009). 
The project involves all Year 3-6 students participating in the trial of a pen and paper whole 
number place value test, titled the PVAT (Place Value Assessment Task). The test will take 
approximately 50 minutes and will be completed in class time. 
No students will be identifiable from the test for the purposes of research as a coding system 
will be used. After the tests have been corrected by Angela Rogers, the results will be given 
back to each classroom teacher and from this teachers will gain a clear understanding of their 
students’ level of place value understanding. 
As this is invaluable data for classroom teachers and the content of the test is completely 
related to the mathematics curriculum Year 3-6 students are currently studying, I give my 
permission for our students to take part in the trial of the PVAT. 
Further to this, as part of the study approximately 15 randomly selected students will 
complete an interview with Angela related to their responses to the PVAT. For students to 
participate in this part of the study, they will be required to obtain parental consent as per the 
requirements of the RMIT Human Research Ethic Committee and Catholic Education Office. 
Yours Sincerely, 
 
 
Principal of XXXXX 
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School B: PLS for Parents of Students Interviewed in Pilot #2 
Dear Parent/Guardian of______________, 
My name is Angela Rogers and I am currently completing my PhD at RMIT University. The 
supervisor for my project is Professor Dianne Siemon and it has been approved by the RMIT 
Human Research Ethics Committee (ref. no: CHEAN B-2000350-06/10) and the Catholic 
Education Office Melbourne (ref. no: GE10/0009).The title of my research is Improving 
whole number place value assessment in Years 3-6: Unmasking the ‘experts’. Your child is 
invited to participate in this research project. This information sheet describes the project in 
straightforward language. Please read this sheet carefully and be confident that you 
understand its contents before deciding whether or not you are happy for your child to 
participate. If you have any questions about the project please feel free to contact me. 
This project involves developing and trialing a test to assess Year 3-6 students’ whole number 
place value knowledge. The project also involves looking at how using this test affects the 
teaching of whole number place value. The main research question is: Can an effective whole 
number place value assessment be developed for Year 3-6 students? 
It is expected that 470 students from two metropolitan Catholic primary schools will 
participate in the main trial of the test and around 15 students of these students will be 
involved in the individual follow up interviews I am inviting your child to be involved in. 
Why has your child been approached? 
Your child has been randomly selected from all Year 3-6 students at his/her school. 
If I agree for my child to participate, what will he/she be required to do? 
All the Year 3-6 students at School B (including your child) will complete a pen and paper 
test related to whole number place value called the ‘PVAT’ this term. In the days following 
this test I would like to individually discuss with your child their answers to the test questions. 
With your permission these interviews will be audio-taped. These tapes will remain 
completely confidential and your child will not be identified. 
What are the risks or disadvantages associated with participation? 
There are no risks associated with participation in research. One disadvantage may be the 
class time your child may miss when completing the interviews (approximately 40 minutes). 
Everything possible will be done to ensure this time is minimised and that the interviews take 
place at an appropriate time, agreed by the class teacher and student. Please be assured the 
contents of all the assessments and discussions are highly relevant to the Mathematics 
curriculum at your child’s year level, therefore will be closely related to their regular 
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classroom activity. Please note that if your child is unduly concerned about their responses to 
any of the test or interview questions or appears uncomfortable in the interviews, they will 
immediately be stopped. Participation in this study will not negatively affect your child’s 
ongoing assessment or treatment in the classroom setting. 
What are the benefits associated with participation? 
Students participating will have the chance to think critically about their responses to test 
questions and have the chance to discuss their mathematical thoughts and processes in detail 
with myself. Through participating in this project an in depth assessment of the student’s 
place value knowledge will be gained which will be invaluable information for your child’s 
classroom teacher. 
What will happen to the information my child provides? 
All information obtained through this project will remain confidential. Data will be coded to 
ensure the anonymity of the school, teachers and students will be preserved at all times. All 
data related to this project will be kept in a secure location and will be destroyed five years 
after the completion of the project. At the completion of the project, a plain language report of 
the project outcomes will be made available, on request, to all participants. This report will be 
sent to your child’s school principal. Any information provided in the project can be disclosed 
only if it is to protect participants or others from harm, participants provide researchers with 
written permission or a court order is produced. 
What are participant’s rights? 
All participants have the right to withdraw from participating in the project at any time, 
without question or prejudice and have their questions answered at any time. Participants can 
also request any unprocessed data to be withdrawn and destroyed, provided it can be reliably 
identified, and does not increase the risk for them. 
Whom should I contact if I have any questions? 
Please contact the investigators in this project if you have any questions: 
 
Mrs Angela Rogers (PhD student: angela.rogers@rmit.edu.au) 
Professor Dianne Siemon (Project Supervisor: Professor, Education, RMIT University, 
dianne.siemon@rmit.edu.au , 9925-7916 
Yours Sincerely, 
 
Angela Rogers 
M.Ed, B.Ed 
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Any complaints about your participation in this project may be directed to the Executive Officer, RMIT 
Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001. 
Details of the complaints procedure are available on the ‘Complaints with respect to participation in research 
at RMIT’ 
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Figure A.2. Research Ethics Approval from RMIT CHEAN Board 
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Figure A.3. Research Ethics Approval from Catholic Education Office, Melbourne- Page 
One. 
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Figure A.5. RMIT CHEAN Board notification of approval for minor amendment to project 
(audio-recoding of student interviews and PVAT-O trial). 
 

377 
APPENDIX B 
Framework for Multi-digit Number Sense  
(G. Jones, Thornton, Putt, Mogill, Rich, Van Zoest, 1996) 
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APPENDIX C 
Flow Chart of Research Design 
 
Phase One: The design, development and trial of PVAT items. 
 
  
FLOW CHART OF RESEARCH DESIGN 
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Phase Two: the pilot and subsequent refinement of the PVAT test. 
Pilot #1 
              
 
Pilot #2 
             
 
Teacher Focus Group
FLOW CHART OF RESEARCH DESIGN 
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Phase Two (a): The creation and trial of the PVAT-O (online). 
               
 
  
Step Five: Rasch analysis
Step Four: Student and Teacher Survey
Step Three: Trial of PVAT-O
Step Two: Design and Creation of the PVAT-O
Step One: Creation of PVAT-O Test Blueprint
FLOW CHART OF RESEARCH DESIGN 
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Phase Three: the implementation of the Final Forms of the PVAT. 
Trial #1 
             
 
Trial #2 
             
 
Phase Four: Construction of PVAT Developmental Progression. 
Teacher Focus Group
Analysis of Student Improvement Data
Rasch Analysis of Trial #2
Final Teacher Survey
Administration of PVAT Trial #2
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APPENDIX D 
Place Value Section of the Early Numeracy Interview 
(ENI) (DEECD, 2011b)
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PLACE VALUE SECTION OF THE EARLY NUMERACY INTERVIEW 
385 
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Figure D.1. Recording sheet developed for used in the ENI Place Value Student Interview 
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APPENDIX E 
PVAT Test Administration Instructions 
To all Year 3-6 Teachers, 
Firstly thank you so much for allowing me to trial my PVAT (Place Value Assessment Tool) 
in your class! It is part of a research project I am conducting at RMIT University. I promise to 
correct the tests and return the results to you ASAP! 
Here are the instructions for administering the test: 
You will need: 
A Plastic Case which includes all test booklets and teacher feedback sheet 
Your students will need: 
1X test booklet 
1X grey pencil 
1X red, blue, yellow pencil/texta (or access to shared ones) 
1 Hand out the booklets to your class- they are coloured coded according to gender and year 
level.(This is marked on the front of each booklet) 
2 Ask each child to fill in their date of birth on the front sheet of their booklet in the space 
provided.(they don’t need to write their names anywhere) 
3 If students are really struggling feel free to allow them to sit out of the test. 
4 Sit back and let the students complete the test. Again, the questions are quite challenging 
so if they don’t know an answer tell them to leave it and move onto the next one. 
5 If you notice any errors or issues with the wording or common problems students have 
with understanding the questions or you have feedback on the item/test in general I would 
love you to include it on the teacher feedback sheet provided in your plastic case. 
6 At the end of the 60 minutes please collect all tests and place them back in the plastic 
case. 
Thanks so much for your time! 
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Any questions, don’t hesitate to ask me. I will be walking around to different classes while the 
test is going on. 
My email is angela.rogers@rmit.edu.au 
Regards 
Angela Rogers 
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APPENDIX F 
Further Explanation of the Rasch Model 
The Rasch measurement model was developed in the 1953 by Georg Rasch, a Danish 
mathematician (Linacre & Wright, 2013) in order to fill the significant gap that had developed 
between the social sciences and the physical sciences in relation to psychological measurement 
(Smith, 2012). Physical scientists believed that measurement required a deliberate action, with 
each measurement having a strict objective criteria to conform with. The Physical Scientists 
had trouble understanding how this criteria could be applied to the measurement of student 
achievement. The social scientists, on the other hand, were more liberal in their notions of 
measurement and this led to much conflict between the two ideologies (Smith, 2012). 
Physical scientists considered measurement to be deliberate acts of measuring such as the 
height of two students using equal pre-determined units, like centimetres, and could 
understand how these values could be readily compared. However Physical scientists could 
not see how it was possible to compare student achievement on a test when an objective 
criteria was not used. They questioned how if two students scored 35 on a maths test, but 
student A correctly answered 5 of the most difficult questions while student B answered none 
of these difficult questions correctly, how it was possible to objectively compare and measure 
the ability of the students. Georg Rasch’s models addressed this contentious issue by showing 
that an objective measurement with a strict criteria could be applied in the social sciences to 
measure, amongst other things, student ability. 
Physical Scientists also described another important attribute of measurement- its additive 
nature. That is, every time a unit is added to a measurement the same amount is added to the 
total. For example, each time a centimetre is added to the measurement of a person’s height, 
the total increases by one. Importantly, Georg Rasch applied these additive ideas into his 
measurement model, basing them around an additive logit scale which allowed the difference 
between the numbers to indicate the probability of observing any particular scored response 
(Bond & Fox, 2007). Thus through providing an additive objective criterion to compare 
student achievement, the Rasch model showed Physical Scientists that it was indeed possible 
to measure student achievement. 
Georg Rasch developed several models, however his dichotomous model is the one which is 
used most widely in educational measurement today. This model analyses test data taken 
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from, dichotomous, or wrong/right items and is based on the following formula where ܤ௡ is 
the person ability and ܦ௜ is the item difficulty.  
The probability of a successful response consists of a natural logarithmic transformation of 
the person (ܤ௡) and item (ܦ௜ሻ estimates, can be expressed as: 
 ܲ ሺݔ ൌ 
ଵ
஻೙
௡௜௡௜ ǡ ܦ௜ ሻ =  
௘ሺಳ೙షವ೔ሻ
ଵା௘ሺಳ೙షವ೔ሻ
 
Where ܲ ሺݔ ൌ 
ଵ
஻೙
௡௜௡௜ ǡ ܦ௜ ሻis the probability of person ݊ on Item ݅ scoring a correct (ݔ ൌ ͳሻ 
response rather than an incorrect ሺݔ ൌ Ͳሻ response, given person ability(ܤ௡) and item 
difficulty (ܦ௜ሻ. Bond & Fox (2007) state “this probability is equal to the constant ݁, or natural 
log function (2.7183) raised to the difference between a person’s ability and an items 
difficulty ሺܤ௡ െ ܦ௜) and then divided by 1 plus this same value” (p. 279). 
In 1982, Geoff Masters from the Australian Council for Educational Research developed a 
version of the Rasch model which could be used to analyse partial credit items. The partial-
credit model is based upon the following formula and provides a set of individual threshold 
(݇ሻ estimates for each item ሺ݅ሻ: 
݈݊ ൬
௡ܲ௜௞
ͳ െ ௡ܲ௜௞
൰ ൌ ܤ௡ െ ܦ௜௞ 
“The partial credit model allows not only for an Empirical test of whether the distances between 
response categories are constant for each item, but, more importantly, it allows the option for 
each item to vary in its number of response categories” (Bond & Fox, 2007, p. 283). That is a 
test could have some items which have 3 possible items responses while another item may has 
5. 
Both Rasch models are based upon the premise that: 
a person having a greater ability than another person should have the greater 
probability of solving any item of the type in question, and similarly one item 
being more difficult than another means that for any person the probability of 
solving the second item is the greater one (Rasch, 1980, p. 117) 
The partial credit and dichotomous Rasch models both allow researchers to objectively analyse 
test data to both order groups of students according to their ability and order test items according 
to their difficulty. The model is based upon the idea that only one human attribute or construct is 
to be analysed at a time, this is known as the uni-dimensionality of the model. The Rasch model 
assumes a theoretical ideal of how students develop their understanding of a particular construct 
and then compares how items fit or do not fit this ideal. This allows the skills and knowledge 
which are truly associated with the attribute to be placed on the common Rasch interval scale. In 
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summary, the Rasch model reveals the order students develop skills in coming to understand a 
construct and estimates the distance between the skills (Bond & Fox, 2007). 
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APPENDIX G 
Hypothetical Learning Trajectories for Each Aspect of 
Place Value 
Stage Calculate 
1 Beginning to use place value knowledge to complete operations involving 2 digit numbers.(Fuson, 
1990) 
May follow rules such as “when you multiply by ten, add a zero” incorrectly as this is not based on 
understanding.(Siemon et al., 2011) 
2 Uses place value knowledge to correctly complete operations involving 2 digit numbers(Wearne & 
Hiebert, 1994; Fuson et al., 1997) 
Student displays a sense of equivalence.(Siemon et al., 2011) 
3 Uses place value knowledge to correctly complete operations involving 3 digit numbers 
May be able to complete the written algorithm correctly but does not display conceptual 
understanding of the process.(I. Thompson, 2000) 
4 Uses place value knowledge to correctly complete operations involving 4 digit numbers(Wearne, 
1994) 
5 Uses place value knowledge to correctly complete operations involving numbers of any magnitude. 
Can conceptually explain the written algorithm for all four operations. 
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Stage Count 
1 Students may be able to count in place value parts using one grouping e.g.: counting by tens. Counting 
in place value parts using more than one grouping e.g.: tens and ones is a challenge. (G. Jones et al., 
1996) 
Students may find it difficult to make more than one switch while counting ones and counting tens in a 
written pattern. (Cobb & Wheatley, 1988) 
2 When counting, students display “numerical composite unit” and “abstract composite unit” structures 
(Steffe, von Glasersfeld, Richards, & Cobb, 1983) this means they regularly co-ordinate counting by 
tens and ones when counting on and back. They can continue a pattern or count in a particular unit. 
3 Students are able to count forward and backward in hundreds, tens and ones to any number up to 5 digits. 
4 Students are able to count in thousands, hundreds, tens and ones to continue a counting pattern of any 
magnitude. 
5 Students are able to flexibly count forwards in backwards in place value parts of any magnitude. 
Students use efficient counting strategies when counting a large collection of objects. 
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Stage Compare/Order 
1 Students are able to order and compare numbers up to 3-digits but may be looking at the digits as if 
they are individual numbers. When comparing they may not have a sense of the number as an entire 
entity. (Bednarz & Janvier, 1982) 
Students are able to identify the largest and smallest number given two or more 2-digit numbers 
They have a limited knowledge of partitioning and are not able to locate a 2-digit number on a 
partially marked (marked in 5s or 10s) number line which begins at zero. (Siemon et al., 2011) 
2 Students can order numbers up to 4-digits with internal zeros in ascending or descending order. 
Students have limited knowledge of the multiplicative comparison (Siemon et al., 2011) e.g: when 
asked for a number that is 10 times larger, they may add 10. 
Students can accurately locate 2-digit numbers on a partially marked number line starting at zero. 
3 Students can order numbers up to 5-digits with internal zeros in ascending or descending order. 
Students can accurately place 2-digit numbers on an empty number line with a non-zero starting point. 
Students are able to correctly identify the number that is 10 times larger than a given number. 
Students accurately place 3- and 4-digit numbers on a partially marked number line starting at zero. 
4 Students can order numbers with 5+ digits, including internal zeros, in ascending or descending order. 
Students can accurately place 3- and 4-digit numbers on an empty number line with a non-zero 
starting point. 
5 Students can order numbers of any magnitude in ascending and descending order. 
Students are able to accurately place 5+ digit numbers on a blank number line with a non-zero 
starting point. 
Students are able to accurately estimate the magnitude of large numbers in relation to other numbers. 
E.g., 1 million is 10 times larger than 100 000. 
Students are able to identify the number which is larger or smaller by a factor of 10,100, 1000 etc. 
through their understanding of the exponential nature of the number system 
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Stage Estimate 
1 Students have little sense of the magnitude of numbers up to 100. 
Students are unable to make accurate estimates of quantities up to 100-”numerication 
estimation”(Baroody, Lai, & Mix, 2006). E.g., counters in a jar. 
2 Students have a sense of the magnitude of numbers up to 100. 
Students can accurately estimate quantities up to 100, both concrete and abstract in nature (Siegler & 
Booth, 2004) e.g.: steps around a basketball court 
3 Students have a sense of the magnitude of numbers up to 1000.(N. Thomas, 2004) 
Students can accurately estimate quantities up to 1000 in a real world context. E.g., the number of 
students that would fit in the school hall. 
Students are beginning to develop strategies to solve real world Fermi problems. 
4 Students have a sense of the magnitude of numbers up to 10 000 
Students are able to accurately estimate quantities up to 10 000 in a real world context. E.g., Number 
of people in a photo of a crowd 
Students use estimation to determine the reasonableness of their answers when calculating “numerical 
to numerical translations” (Siegler & Booth, 2004). 
5 Students have a sense of the magnitude and quantity of numbers up to 100 000. 
Students are able to accurately estimate quantities up to 100 000 and beyond. 
Students are able to contemplate large numbers(Nataraj & Thomas, 2012) and see “structure sense” in 
the number system. (Zazkis, 2001) 
Students use estimation to check the reasonableness of their answers when calculating- 
“computational estimation” (Baroody et al., 2006) 
Students display strategies to solve real world Fermi problems involving large numbers. (Peter-Koop, 
2004). 
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Stage Name/Record 
1 Students are able to read and write numbers up to 3-digits (Ross, 1989) 
Students are able to count a collection of objects by grouping them in tens and providing the written 
and spoken name for the collection (up to 2-digits). (Ross, 1990) 
Students are able to determine the face and place value of each of the digits in the number. As Ross 
(1990) describes they “demonstrate knowledge of the positional property of the individual digits, they 
know the digit on the right is in the “ones place” and the digit on the left is the “tens place”. For these 
students the ten’s digit is interpreted as representing groups of ten. 
Students may have a poor understanding of zero and be confused when reading and writing numbers 
which include it, especially with numbers beyond 1000. 
Students have difficulty knowing when zero can be inserted without changing the value of a number. 
(Hiebert & Wearne, 1992) 
Students think in terms of abstract composite units for 2-digit numbers. (Steffe, 1992) 
Students may have difficulty with teen numbers.(Siemon et al., 2011) 
2 Students are able to read and write numbers up to 4-digit numbers. 
Students correspond the digits in 2 and 3 digit numbers with a collection of objects. E.g., digit 
correspondence tasks (Ross, 1990) 
Students recognize that 10 tens as well as 100 ones can be used to represent the numerosity of 100. 
They not only say this but they apply this knowledge, that is “abstract unit equivalence” (G. Jones et 
al., 1996, p. 324) 
Students are unable to round numbers to the nearest place value part. 
3 Students are able to read and write 4-digit numbers. 
Students are able to identify the value of each place beyond 5-digits. 
Students are able to identify the additive nature of the number system. E.g., 546=   500 + 40 + 6 
Students are able to round numbers to the nearest place value part. 
4 Students are able to read and write 5+ digit numbers 
5 Students are aware of the exponential relationship between 
places in the number system. They are able to use recursive and reciprocal units to apply their 
knowledge in any number of whole number situations. (Baturo, 2000) 
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Stage Rename 
1 May describe 10 ones is 1 ten and 10 hundreds is 1 thousand but they cannot rename accurately. 
Asked how many tens in 345, they may answer 4 (Sinclair, Garin, & Tieche-Christinat, 1992). 
When working with thousands and beyond students rely on their superficial knowledge of 2- and 3-
digit numbers.(M. Brown, 1981) 
These students display compartmentalised understanding of place value and numeration. They do not 
make connections between their knowledge in this area and other knowledge. (P. Thompson, 1982a) 
2 Can recognize and use equivalent representations like 2 hundreds= 20 tens=  200 ones : abstract unit 
equivalence (G. Jones et al., 1996). 
Can regroup and combine E.g., 23 rolls of ten into 230 (G. Jones et al., 1996)  
3 Students are able to complete non-standard partitions and regrouping of numbers. (Resnick, 1983) 
May appear to uses the multiplicative structure of the number system when multiplying and dividing 
numbers by 10, 100,1 000 etc., however may be using a rote learned rule e.g.: adding a zero on the end 
rather than understanding this is a result of a change of position of the digit.(Siemon et al., 2011) 
4 Units can be super-unitised and sub-unitised flexibly. (Baturo, 2000) 
Recognise when it is appropriate to split numbers in place value parts and combine numbers. (G. 
Jones et al., 1996) 
Students understand the exponential nature of number system- that nonadjacent places are related by 
powers of ten and that the reciprocal nature of the system. (Baturo, 2000)  
5 Students are able to apply their base ten knowledge to problems involving other bases to show their 
understanding of the abstraction of the mathematical and notational generalisations underlying 
different bases. (Department of Education and Science, 1979; Gagnon, 2012) 
Students have constructed a “complete structural schema” of multiplicativity that incorporates 
continuity, bi-directionality and exponentially.(Baturo, 1998)  
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APPENDIX H 
Assessment for Common Misunderstandings (AFCM) 
Level 2 Place value Interview Script. (Department of 
Education and Early Childhood Development, 2010) 
Tool 2.1 
Materials 
● 26 counters in a suitable jar or container 
● 7 bundles of ten icy pole sticks or straws and 22 single sticks or straws 
● A 0-99 Number Chart and a Masking Card 
Instructions 
Bold type indicates what should be said. Empty container of counters in front of student and 
ask: “Can you count these as quickly as possible and write down the number please?” 
Note how the count is organised and what is recorded. If not 26, ask, “Are you sure about 
that? How could you check?” Once student has recorded 26, circle the 6 in 26 and ask, 
“Does this (point to the 6) have anything to do with how many counters you have there?” 
Indicate the collection. Note student’s response. 
Circle the 2 in 26 and repeat the question. Note student’s response. Place counters back in the 
container. Place bundles and sticks in front of the student and ask, “Can you make 34 using 
these materials please?” Note student’s response. If student asks or moves to unbundle a ten, 
say, “Before you do that, is there any way you could use these (pointing to the bundles of 
ten) to make 34?” Note student’s response. Remove sticks. 
Tip out the container of 26 counters and ask student to count these again and record the 
number. Note response, then ask, “Can you put these into groups of four please?” Once 
this is completed, point to the 26 that has been recorded and circle the 6. Ask: “Does this 
have anything to do with how many counters you have?” Circle the 2 in 26 and repeat the 
question. Note student responses. If counter task handled reasonably well, place the 0-99 
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Number Chart in front of the student. Cover the numbers 33 to 66 with the Masking Card and 
ask, “Can you count on by ones from 41 please?” 
If done easily, point to 57 and ask, “Can you count back by ones from here please?” Note 
student’s response. Run your finger down the column headed by 5 and ask, “What are we 
counting on by now?” If student says “fives”, remove mask and try to find out what he/she is 
thinking by asking, “Do you still think we are counting by fives … Why?” Proceed to next 
question. If student answers “ten or tens” to initial question, leave mask in place and ask , 
“Can you count on from 15 by tens until I say ‘stop’?” If student stops at 95, encourage 
him/her to continue. Say “stop” when student no longer continues or at 135 (whichever 
comes sooner). Note response and whether or not student can proceed beyond 95. 
Tool 2.2 
Materials 
● 56 stackable counters 
● A container to hold counters 
● 13 bundles of ten icy pole sticks and 16 single sticks/straws 
● Paper and a pencil/pen. 
Instructions 
Bold type indicates what should be said. 
Place container of counters in front of the student and say, “I’m going to tip all these 
counters out and I would like you to count them as quickly as possible … Ready?… Tip 
out counters. “Go!” 
Note how student counts and how he/she organises the count (e.g., counts by ones, counts by 
twos, systematically moves counters to avoid recounting or groups to make count easier, …). 
If student counts quickly and accurately by whatever method, ask “How would you write 
that number? ... Why would you write it like that? … If I counted that collection, would 
I get the same number?” Note student’s response. 
If student appears to lack confidence, counts relatively slowly by ones and/or counts 
inaccurately. Stop them about half-way and say, “That’s going to take a long time isn’t it? 
Let’s put that amount over here. Let’s see if we can count what’s left in a quicker way.” 
Model counting by twos to 14, saying “If I do this, will this work? …” Then ask student to 
continue from 14, saying, “Can you keep on counting like this? … Note accuracy and 
speed. 
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Stop and proceed to next task if, after one attempt to self-correct, student still counts 
incorrectly. Otherwise, ask: “How would you write that number? ... Why would you write 
it like that? … If I counted that collection, would I get the same number?” Note student’s 
strategy and written response. Place all the icy-pole sticks in front of the student. Pick up one 
bundle of ten and ask, “How many sticks are in this bundle?” 
If the student guesses or appears uncertain, unbundle and ask him/her to count before 
proceeding. If student says “ten” fairly confidently, say: “Okay, can you count these for me 
and tell me how many please? … How would you write that? … Why would you write it 
like that?” Note student’s strategy and written response. 
Tool 2.3 
Materials 
● A length of rope (approximately 1 metre) 
● Some clothes pegs 
● Sequencing Cards 
Instructions 
Bold type indicates what should be said. 
Stretch out rope in front of the student ( anchor ends if necessary)and say, “Let’s imagine all 
of the numbers from 0 to 100 are on this rope.” As you say this, peg the ‘0’ card at the 
beginning of the rope and the ‘100’ card at the end of the rope. 
Place the ‘48’ card in front of the student and say, “Can you peg this card on to the rope to 
show where you think that number would be? Can you tell me why you put it there?” 
Note where the card is placed and student’s response/strategies. 
Repeat with the 67 and 26 card. Note responses and strategies. If hesitant or unable to proceed 
at any point , remove the 100 card and replace it by the 20 card. Say, “Okay, now let’s 
imagine all of the numbers from 0 to 20 are on this rope.” Place the ‘8’ card in front of the 
student and say, “Can you peg this card on to the rope to show where you think that 
number would be? Can you tell me why you put it there?” Note student’s 
response/strategies. 
If done reasonably well, place the 16 card in front of student and ask them to peg that on the 
rope as well. Note student’s strategies. 
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Tool 2.4 
Materials 
● 3 MAB hundreds, 17 MAB tens and 6 MAB ones 
● Renaming and Counting Cards 
● Paper and pen/pencil 
Instructions 
Bold type indicates what should be said. 
Place 3 hundreds, 17 tens and 6 ones in front of the student. Make sure student understands 
that they are hundreds, tens, and ones. Ask: “Can you write down the number shown by 
these blocks please?” Note student’s response. If number is incorrect, ask student to explain 
their answer then move on to the Card A task. If correct, that is, 476 is recorded, remove 
materials to one side and ask: “If you could only use tens and ones to make that number, 
how many tens would you need?” 
Note student’s response and/or strategies. If student appears hesitant, try to find out what 
he/she is thinking by asking, “Can you tell me what you are thinking about?” or “What 
are you trying to do?” Place Card A in front of the student and ask: “Can you read that 
number please?” … Note response, then ask, “Can you think of a number that is smaller 
than this but larger than 50?” … 
Note student’s response, then point to Card A again and ask, “Now, can you write down a 
number that is 2 tens larger than this?” … Note student’s response. If student experiences 
some difficulty with this, try to find out why. Either stop at this point or proceed to Card B if 
appropriate. Present Card B and ask: “Can you read that number please?” … Note 
response, then ask, “Can you think of a number that is smaller than this but bigger than 
517? 
Note response. If correct, ask, “This time, can you write down a number that is at least 1 
hundred more than this but smaller then 968?” … Note response. If student hesitates, 
remove card and proceed to Card C. Present Card C and ask: “Can you read that number 
for me please?” … If correct, ask, “Can you count on by ones from that number please? 
If student counts on by ones fairly easily, point to Card C again and say: “Thank you, now 
what if I asked you to count backwards by tens, what number do you think would be ten 
less than this number?” … Note student’s response, explore their thinking if appropriate. 
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Figure H.1. Recording sheet developed to be used when administering used for Level Two 
AFCM student interview. 
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APPENDIX I 
PVAT Teacher Feedback Survey 
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APPENDIX J 
Further Explanation of Rasch Item Fit Statistics 
As well as presenting fit statistics in a graphical (map) form, QUEST also presents the fit 
statistics for each item in the form as a table (see Figure G1). The fit statistics in Figure G1 
are presented in two forms, Infit (INFT) and Outfit (OUTFT). Both are presented in a 
standardized and unstandardized form. The unstandardized form is reported as mean-squares 
(MNSQ) and the standardised form is reported as a t statistic. An item which has student 
responses that match exactly what is expected by the Rasch model, will have infit and outfit 
mean-square statistics close to 1.0. Values of fit statistics greater than 1.0 are termed 
“underfit” and values less than 1.0 are considered “overfit” (Smith, 2012, p. 22). The 
standardised t values should both be close to 0 (Bond & Fox, 2007). Both items in Figure G1 
have acceptable Infit statistics and are therefore considered to fit the Rasch model. 
 
Figure J.1. Item Fit Statistics (Table Form) 
When the mean-square statistics are less than 1.0 it is not such a concern, the measurement is 
less accurate however when the mean-square statistics are above 2.0 the measurement is 
considered to be very inaccurate (Smith, 2012, p. 23). Infit statistics differ from Outfit 
statistics in that they give weight to the performance of students whose ability is close to a 
particular item’s difficulty (Bond & Fox, 2007). The Rasch model considers these student’s to 
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provide more of an insight into the items performance and thus weight the statistics 
accordingly (Bond & Fox, 2007). 
The outfit statistic on the other hand is not weighted and is more sensitive to influence of 
outlying scores. An outlying score is a response that is considerably different to that expected 
by the Rasch model. Problems in the data which cause large outfit are usually easier to 
identify that large infit stats. An example of a large Outfit score may be caused by a student 
who correctly guesses an item that the model considers to be very difficult for them. The 
outfit statistics of this item would be considerably affected by this student’s response, 
however the infit statistics would remain relatively unchanged. It is for these reasons that 
Rasch users tend to place more importance on the infit than the outfit statistics. 
 
Below is the relevant tables showing the fit statistics for Final Form A and B from Trial #1: 
Final Form A Trial #1 
 
Item Estimates (Thresholds) In input Order                                                      
9/12/13 12:10  
all on all (N =  115 L =  64 Probability Level=  .50)                                                             
---------------------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRSH |  INFT  OUTFT INFT  OUTFT                                            
                   |            |    1   |  MNSQ  MNSQ   t     t                                               
---------------------------------------------------------------------------------------------- 
1   1P1P           |   113  115 |  -3.72 |    .93   .18    .1    .4 
                   |            |     .74| 
                   |            |        | 
2   2P2P           |   109  115 |  -2.47 |   1.08  3.17    .3   1.5 
                   |            |     .45| 
                   |            |        | 
3   3P3P           |   114  115 |  -4.45 |   1.06   .44    .4   1.1 
                   |            |    1.02| 
                   |            |        | 
4   4P4P           |     0    0 | Item has perfect score 
                   |            |        | 
                   |            |        | 
5   1A1B           |   114  115 |  -4.45 |   1.09  1.65    .4   1.4 
                   |            |    1.02| 
                   |            |        | 
6   2A2B           |   114  115 |  -4.45 |   1.06   .44    .4   1.1 
                   |            |    1.02| 
                   |            |        | 
7   3A6B           |     0    0 | Item has perfect score 
                   |            |        | 
                   |            |        | 
8   4A7B           |     0    0 | Item has perfect score 
                   |            |        | 
                   |            |        | 
9   5A             |   114  115 |  -4.45 |   1.09  1.65    .4   1.4 
                   |            |    1.02| 
                   |            |        | 
10  6A8B           |   111  115 |  -2.95 |    .97  1.33    .1    .8 
                   |            |     .54| 
                   |            |        | 
13  9A             |   112  115 |  -3.28 |    .97   .98    .1    .7 
                   |            |     .62| 
                   |            |        | 
14  10A            |   106  115 |  -1.96 |    .98   .69    .0    .0 
                   |            |     .38| 
                   |            |        | 
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16  1211           |   112  115 |  -3.28 |   1.02   .62    .2    .5 
                   |            |     .62| 
                   |            |        | 
17  1312           |   112  115 |  -3.28 |   1.24  2.25    .6   1.1 
                   |            |     .62| 
                   |            |        | 
18  14A            |   111  115 |  -2.95 |    .79   .32   -.4    .1 
                   |            |     .54| 
                   |            |        | 
19  1514           |   105  115 |  -1.82 |    .93  2.15   -.2   1.2 
                   |            |     .37| 
                   |            |        | 
20  1615           |   112  115 |  -3.28 |   1.08   .54    .3    .4 
                   |            |     .62| 
                   |            |        | 
21  17A            |   101  115 |  -1.35 |   1.04   .59    .3   -.4 
                   |            |     .32| 
                   |            |        | 
22  1817           |    96  115 |   -.89 |   1.08  3.13    .5   2.4 
                   |            |     .29| 
                   |            |        | 
23  1918           |   100  115 |  -1.25 |    .88   .82   -.5    .0 
                   |            |     .32| 
                   |            |        | 
24  20A            |   104  115 |  -1.69 |   1.04  5.95    .2   2.9 
                   |            |     .36| 
                   |            |        | 
26  2219           |    99  115 |  -1.15 |    .90  1.39   -.5    .7 
                   |            |     .31| 
                   |            |        | 
27  2322           |   104  115 |  -1.69 |    .95   .84   -.1    .1 
                   |            |     .36| 
                   |            |        | 
28  24A            |   101  115 |  -1.35 |    .87  1.35   -.6    .7 
                   |            |     .32| 
                   |            |        | 
29  2524           |    92  115 |   -.58 |   1.10   .83    .7   -.2 
                   |            |     .27| 
                   |            |        | 
30  2625           |    96  115 |   -.89 |   1.02  1.30    .2    .7 
                   |            |     .29| 
                   |            |        | 
31  27A            |    98  115 |  -1.06 |   1.04  2.54    .3   1.8 
                   |            |     .30| 
                   |            |        | 
32  2827           |    91  115 |   -.50 |   1.09  1.10    .7    .4 
                   |            |     .27| 
                   |            |        | 
33  29A            |    83  115 |    .01 |   1.10  1.02    .8    .2 
                   |            |     .25| 
                   |            |        | 
34  3029           |    88  115 |   -.30 |   1.20  2.11   1.4   2.0 
                   |            |     .26| 
                   |            |        | 
35  31A            |   105  115 |  -1.82 |    .98  1.21    .0    .5 
                   |            |     .37| 
                   |            |        | 
37  3332           |    86  115 |   -.17 |   1.26  1.75   1.9   1.6 
                   |            |     .25| 
                   |            |        | 
38  3433           |    75  115 |    .47 |    .82   .63  -1.8  -1.2 
                   |            |     .24| 
                   |            |        | 
39  35A            |    81  115 |    .13 |    .99   .83   -.1   -.4 
                   |            |     .24| 
                   |            |        | 
40  3635           |    78  115 |    .30 |    .99   .75    .0   -.7 
                   |            |     .24| 
                   |            |        | 
41  3736           |    93  115 |   -.65 |    .94   .73   -.3   -.4 
                   |            |     .28| 
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42  3837           |    87  115 |   -.23 |    .87   .63  -1.0   -.8 
                   |            |     .26| 
                   |            |        | 
45  41A            |     2  115 |   6.73 |   1.13  1.29    .4   1.0 
                   |            |     .74| 
                   |            |        | 
46  4242           |    72  115 |    .63 |   1.02  1.38    .2   1.2 
                   |            |     .23| 
                   |            |        | 
47  43A            |    65  115 |   1.00 |    .84   .64  -1.7  -1.5 
                   |            |     .23| 
                   |            |        | 
48  44A            |    55  115 |   1.53 |    .97   .98   -.2    .0 
                   |            |     .23| 
                   |            |        | 
50  4646           |    68  115 |    .85 |   1.26  2.95   2.4   4.8 
                   |            |     .23| 
                   |            |        | 
51  47A            |    62  115 |   1.16 |   1.28  1.66   2.5   2.3 
                   |            |     .23| 
                   |            |        | 
53  49A            |    93  115 |   -.65 |   1.01   .89    .1    .0 
                   |            |     .28| 
                   |            |        | 
54  5048           |    38  115 |   2.48 |   1.00   .83    .0   -.5 
                   |            |     .25| 
                   |            |        | 
55  51A            |    57  115 |   1.42 |   1.07   .97    .6    .0 
                   |            |     .23| 
                   |            |        | 
56  5241           |    31  115 |   2.93 |    .83   .68  -1.1   -.8 
                   |            |     .26| 
                   |            |        | 
57  53A            |    63  115 |   1.11 |   1.03   .90    .3   -.3 
                   |            |     .23| 
                   |            |        | 
58  54A            |    60  115 |   1.26 |   1.02   .98    .2    .0 
                   |            |     .23| 
                   |            |        | 
59  55A            |    44  115 |   2.13 |    .83   .65  -1.4  -1.4 
                   |            |     .24| 
                   |            |        | 
60  5653           |    48  115 |   1.90 |    .86  1.01  -1.2    .1 
                   |            |     .24| 
                   |            |        | 
61  5755           |    57  115 |   1.42 |    .84   .70  -1.5  -1.3 
                   |            |     .23| 
                   |            |        | 
62  58A            |    60  115 |   1.26 |   1.00  1.23    .0   1.0 
                   |            |     .23| 
                   |            |        | 
63  59A            |     4  115 |   5.96 |    .91   .32   -.1    .1 
                   |            |     .54| 
 
64  6059           |    43  115 |   2.19 |    .85   .75  -1.2   -.9 
                   |            |     .24| 
                   |            |        | 
66  6260           |    37  115 |   2.54 |    .90   .71   -.7   -.9 
                   |            |     .25| 
                   |            |        | 
67  63A            |    40  115 |   2.36 |    .80   .64  -1.6  -1.3 
                   |            |     .25| 
                   |            |        | 
68  6463           |    27  115 |   3.21 |    .93   .63   -.4   -.8 
                   |            |     .27| 
                   |            |        | 
69  6564           |    20  115 |   3.76 |    .91   .54   -.5   -.8 
                   |            |     .30| 
                   |            |        | 
71  67A            |    38  115 |   2.48 |    .98  1.27   -.1    .9 
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                   |            |     .25| 
                   |            |        | 
72  6866           |    14  115 |   4.34 |    .84   .70   -.8   -.2 
                   |            |     .33| 
                   |            |        | 
73  6967           |    37  115 |   2.54 |    .90   .77   -.7   -.7 
                   |            |     .25| 
                   |            |        | 
74  7068           |    37  115 |   2.54 |    .87   .72  -1.0   -.9 
                   |            |     .25| 
                   |            |        | 
75  7170           |    41  115 |   2.30 |   1.17  1.16   1.3    .6 
                   |            |     .24| 
                   |            |        | 
---------------------------------------------------------------------------------------------- 
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Final Form B Trial #1 
Item Estimates (Thresholds) In input Order                                                      
9/12/13 12:12  
all on all (N =  112 L =  67 Probability Level=  .50)                                                             
---------------------------------------------------------------------------------------------- 
    ITEM NAME      |SCORE MAXSCR|  THRSH |  INFT  OUTFT INFT  OUTFT                                            
                   |            |    1   |  MNSQ  MNSQ   t     t                                               
----------------------------------------------------------------------------------------------
1   1p1p           |     0    0 | Item has perfect score 
                   |            |        | 
                   |            |        | 
2   2p2p           |   111  112 |  -4.33 |   1.07  2.53    .4   1.3 
                   |            |    1.02| 
                   |            |        | 
3   3p3p           |   111  112 |  -4.33 |    .96   .15    .3    .2 
                   |            |    1.02| 
                   |            |        | 
4   4p4p           |     0    0 | Item has perfect score 
                   |            |        | 
                   |            |        | 
5   1A1B           |     0    0 | Item has perfect score 
                   |            |        | 
                   |            |        | 
6   2A2B           |   110  112 |  -3.61 |   1.01   .52    .2    .2 
                   |            |     .73| 
                   |            |        | 
7   3B             |   107  112 |  -2.59 |   1.12  1.03    .4    .4 
                   |            |     .49| 
                   |            |        | 
8   4B             |    66  112 |    .74 |   1.16  1.33   1.6   1.5 
                   |            |     .22| 
                   |            |        | 
9   5B             |    51  112 |   1.44 |    .93   .88   -.7   -.6 
                   |            |     .22| 
                   |            |        | 
10  3A6B           |   111  112 |  -4.33 |   1.08  9.55    .4   2.2 
                   |            |    1.02| 
                   |            |        | 
11  4A7B           |     0    0 | Item has perfect score 
                   |            |        | 
                   |            |        | 
12  6A8B           |   111  112 |  -4.33 |   1.08  7.07    .4   1.9 
                   |            |    1.02| 
                   |            |        | 
13  7A9B           |   109  112 |  -3.17 |   1.02   .49    .2    .0 
                   |            |     .61| 
                   |            |        | 
14  8A10B          |   111  112 |  -4.33 |   1.08  9.55    .4   2.2 
                   |            |    1.02| 
                   |            |        | 
15  1211           |   110  112 |  -3.61 |    .89   .14    .0   -.3 
                   |            |     .73| 
                   |            |        | 
16  1312           |   108  112 |  -2.85 |   1.13  2.84    .4   1.5 
                   |            |     .54| 
                   |            |        | 
17  13B            |   109  112 |  -3.17 |   1.16  1.05    .5    .5 
                   |            |     .61| 
                   |            |        | 
18  1514           |   104  112 |  -2.03 |   1.28  3.01   1.0   2.0 
                   |            |     .40| 
 
19  1615           |   106  112 |  -2.38 |   1.27  1.09    .9    .4 
                   |            |     .45| 
                   |            |        | 
20  16B            |   108  112 |  -2.85 |    .93  1.73    .0    .9 
                   |            |     .54| 
                   |            |        | 
22  1918           |    76  112 |    .23 |   1.25  1.25   2.1   1.0 
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                   |            |     .23| 
                   |            |        | 
23  2219           |    98  112 |  -1.28 |    .87   .58   -.6   -.8 
                   |            |     .32| 
                   |            |        | 
24  20B            |    99  112 |  -1.39 |    .81   .62   -.8   -.6 
                   |            |     .33| 
                   |            |        | 
25  21B            |   102  112 |  -1.74 |    .88   .70   -.4   -.3 
                   |            |     .36| 
                   |            |        | 
26  2322           |    94  112 |   -.92 |   1.01  1.01    .1    .2 
                   |            |     .29| 
                   |            |        | 
27  23B            |    86  112 |   -.34 |   1.16  1.56   1.2   1.6 
                   |            |     .25| 
                   |            |        | 
28  2524           |    92  112 |   -.76 |   1.03  1.08    .2    .3 
                   |            |     .28| 
                   |            |        | 
30  26B            |    74  112 |    .34 |   1.06  1.31    .6   1.3 
                   |            |     .23| 
                   |            |        | 
32  28B            |    95  112 |  -1.01 |    .99  1.59    .0   1.3 
                   |            |     .30| 
                   |            |        | 
33  3029           |    84  112 |   -.22 |   1.01   .91    .1   -.2 
                   |            |     .25| 
                   |            |        | 
35  3231           |    97  112 |  -1.19 |    .90   .77   -.4   -.4 
                   |            |     .31| 
                   |            |        | 
36  3332           |    79  112 |    .07 |   1.25  1.74   2.0   2.4 
                   |            |     .24| 
                   |            |        | 
37  3433           |    68  112 |    .64 |    .85   .77  -1.6  -1.1 
                   |            |     .22| 
                   |            |        | 
38  34B            |    86  112 |   -.34 |    .94   .85   -.4   -.4 
                   |            |     .25| 
                   |            |        | 
39  3635           |    65  112 |    .79 |   1.11  1.03   1.2    .2 
                   |            |     .22| 
                   |            |        | 
40  3736           |    88  112 |   -.48 |    .95   .81   -.3   -.5 
                   |            |     .26| 
 
41  3837           |    82  112 |   -.10 |    .86   .66  -1.2  -1.3 
                   |            |     .24| 
                   |            |        | 
44  40B            |    79  112 |    .07 |   1.09  1.13    .8    .6 
                   |            |     .24| 
                   |            |        | 
45  5241           |    26  112 |   2.74 |    .93  1.15   -.5    .5 
                   |            |     .25| 
                   |            |        | 
46  4242           |    83  112 |   -.16 |    .83   .73  -1.3   -.9 
                   |            |     .25| 
                   |            |        | 
47  43B            |    70  112 |    .54 |    .94  1.10   -.5    .5 
                   |            |     .22| 
                   |            |        | 
48  44B            |    60  112 |   1.02 |    .96   .86   -.4   -.7 
                   |            |     .22| 
                   |            |        | 
49  45B            |    77  112 |    .18 |    .94   .89   -.5   -.4 
                   |            |     .23| 
                   |            |        | 
50  4646           |    49  112 |   1.54 |   1.10  1.23   1.1   1.2 
                   |            |     .22| 
                   |            |        | 
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51  47B            |    90  112 |   -.62 |    .91   .66   -.5   -.9 
                   |            |     .27| 
                   |            |        | 
52  5048           |    42  112 |   1.87 |   1.03  1.08    .4    .4 
                   |            |     .22| 
                   |            |        | 
53  49B            |    43  112 |   1.83 |    .99  1.35   -.1   1.6 
                   |            |     .22| 
                   |            |        | 
54  50B            |    53  112 |   1.35 |    .94   .94   -.6   -.3 
                   |            |     .22| 
                   |            |        | 
55  4551           |    66  112 |    .74 |   1.19  1.35   2.0   1.7 
                   |            |     .22| 
                   |            |        | 
56  52B            |    69  112 |    .59 |    .77   .70  -2.5  -1.5 
                   |            |     .22| 
                   |            |        | 
57  5653           |    34  112 |   2.28 |    .99   .88   -.1   -.4 
                   |            |     .23| 
                   |            |        | 
58  54B            |    72  112 |    .44 |    .77   .68  -2.4  -1.6 
                   |            |     .23| 
                   |            |        | 
59  5755           |    60  112 |   1.02 |    .81   .71  -2.2  -1.6 
                   |            |     .22| 
                   |            |        | 
60  56B            |    40  112 |   1.97 |    .90   .77  -1.0  -1.0 
                   |            |     .22| 
                   |            |        | 
61  57B            |    47  112 |   1.63 |    .94   .81   -.7  -1.0 
                   |            |     .22| 
                   |            |        | 
62  58B            |    47  112 |   1.63 |   1.09  1.25   1.0   1.2 
                   |            |     .22| 
                   |            |        | 
63  6059           |    41  112 |   1.92 |    .89   .77  -1.1  -1.1 
                   |            |     .22| 
                   |            |        | 
64  6260           |    25  112 |   2.81 |    .84   .58  -1.2  -1.4 
                   |            |     .26| 
                   |            |        | 
66  62B            |    36  112 |   2.18 |   1.07  1.12    .7    .5 
                   |            |     .23| 
                   |            |        | 
67  6463           |    15  112 |   3.57 |    .84   .96   -.8    .1 
                   |            |     .31| 
                   |            |        | 
68  6564           |    10  112 |   4.11 |    .88   .56   -.4   -.6 
                   |            |     .36| 
                   |            |        | 
69  65B            |    22  112 |   3.01 |    .89   .68   -.7   -.8 
                   |            |     .27| 
                   |            |        | 
70  6866           |     9  112 |   4.24 |   1.01   .56    .1   -.5 
                   |            |     .38| 
                   |            |        | 
72  7068           |    25  112 |   2.81 |   1.06   .92    .5   -.1 
                   |            |     .26| 
                   |            |        | 
73  69B            |     7  112 |   4.55 |    .99   .63    .1   -.2 
                   |            |     .42| 
                   |            |        | 
74  7170           |    41  112 |   1.92 |   1.04  1.00    .5    .1 
                   |            |     .22| 
                   |            |        | 
76  7272(a)        |    48  112 |   1.59 |   1.24  1.38   2.5   1.8 
                   |            |     .22| 
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Positive, Negative, Interesting Teacher Survey 
 
413 
APPENDIX L 
Examples of Items Developed to Address  
the HLT’s for each Aspect of Place Value 
 
Calculate 
Stage Item HLT reference 
Low 
 
Beginning to use place value knowledge to complete operations 
involving 2-digit numbers 
Medium 
 
Uses place value knowledge to correctly complete operations 
involving 3-digit numbers 
 
High 
 
Can conceptually explain the written algorithm for all four 
operations. 
 
EXAMPLES OF ITEMS DEVELOPED TO ADDRESS THE HLT’S  
414 
Compare/Order 
Stage Item HLT reference 
Low 
 
Students can understand apply the terms ‘before’, ‘after’ 
and ‘between’ to 3-digit numbers 
Medium 
 
Students can accurately place 2-digit numbers on an 
empty number line with a non-zero starting point. 
 
High 
 
 
Students are able to identify the number which is larger 
or smaller by a factor of 10, 100, 1 000 etc. through their 
understanding of the exponential nature of the number 
system 
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Count 
Stage Item HLT reference 
Low 
 
Students may be able to count in place value parts using 
one grouping E.g., counting by tens. Counting in place 
value parts using more than one grouping E.g., tens and 
ones is a challenge. (G. Jones et al., 1996) 
Medium 
 
Students are able to count forward and backward in 
hundreds, tens and ones to any number up to 5-digits. 
High 
 
 
Students use efficient counting strategies when counting 
a large collection of objects. 
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Estimate 
Stage Item HLT reference 
Low 
 
Students can accurately estimate quantities up to 100, 
both concrete and abstract in nature. 
 
Medium 
 
Students can accurately estimate quantities up to 1000. 
 
High 
 
 
Students have a sense of the magnitude and quantity of 
numbers up to 100 000. 
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Name/Record 
Stage Item HLT reference 
Low 
 
Students are able to read and write numbers up to 3-digits 
(Ross, 1989) 
 
Medium 
 
Students are able to identify the value of each place 
beyond 5-digits. 
 
High 
 
Students are able to read and write 5+ digit numbers 
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Rename 
Stage Item HLT reference 
Low 
 
May describe 10 ones is 1 ten and 10 hundreds is 1 
thousand but they cannot rename accurately. Asked how 
many tens in 345, they may answer 4 
 
Medium 
 
Students are able to complete non-standard partitions and 
regrouping of numbers. 
High 
 
Units can be super-unitised and sub-unitised flexibly. 
(Baturo, 2000) 
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APPENDIX M 
Sample from PVAT Field-Test Student Recording Sheet 
NAME__________________ 
YEAR __________________ 
 
1a 
2a 
3a 
4a  __,__,__,__,__ 
5a 
6a  
7a  
8a 
9a 
10a 
11a 
12a 
13a
200 300 
0 100 
SAMPLE FROM PVAT FIELD-TEST STUDENT RECORDING SHEET 
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14a 
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APPENDIX N 
Cover Sheet of PVAT 
422 
APPENDIX O 
Format of PVAT Test 
 
 
SUMMARY OF ITEMS THAT MISFIT PILOT #1 
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APPENDIX P 
Summary of Items that Misfit Pilot #1 
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APPENDIX Q 
Tables of Item Difficulty for Each Aspect of Place Value in 
Pilot #2Calculate 
 
Item Difficulty Threshold Item 
6B -3.66 40+60 
11B -3.46 4X10 
29A -2.73 3 thousands + 4 thousands 
13A -2.32 4 tens + 6 tens 
35B -1.17 2 hundreds +5 tens=  
47A -0.84 200 + 5 tens 
28A -0.13 30/10=  
1po 0.25 10x42 
38A 0.33 10X300 
11po 1.04 5000/1000=  
9po 1.1 1000/100 
41A 1.37 10X4040 
2po 1.73 10X4283 
53A 1.88 50000/10 
55a0 1.9 calculator- multiply number on scree by ten 8095 
59A 2.41 10X23406 
 
Compare/Order 
 
Item Difficulty Threshold Item 
10B -5.8 circle the smallest number 40, 145, 14 
TABLES OF ITEM DIFFICULTY FOR EACH ASPECT OF PLACE VALUE IN 
PILOT #2 
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10A -3.61 order 304,19,90,1735 
11A -2.4 which number is between 150 and 200 
21B -2.17 circle largest number 34011,34101,34001 
23B -1.54 order number to millions 
39B 0.46 180 hundreds is less than 1800 T/F 
57A 1.08 how many times larger is 1000 than 100 
36B 1.12 number line 1-100000 lines included 
51a0 1.75 number line 30 070 and 30 170 
52A 1.83 Recognize on calculator what you have to do to 40 031 to reach 31 
38b0 1.86 plane factor incorrect  
26B 2.08 what number is ten times smaller than 400 
56A 2.35 numbers go from 0-2000 number line 
46A 2.39 number line 0-1mill marked lines 
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Count 
 
Item Difficulty Threshold Item 
4B -2.98 what number is ten more than 31 
15A -2.21 one hundred less than 3927 
19A -1.58 178,168,158…. 
8ao -1.26 number ten more than 3791 
23b0 -1.23 what number is after 64399 
31A -0.61  what number is one hundred less than 3027 
44ao 0.17 colour in 1000 and 10000 dotes 
46ao 0.42 100000 dots how many to make 1mill 
45a0 0.79 how many dots on picture 
30ao 0.9 what number is one less than 801 000 
40A 1.31 what number comes just before 6380000 
45B 1.37 567, 777, 987, 1197, 1407…. 
61ao 1.38 what number is ten thousand more than 795 483 
43A 1.84 what number is one thousand two hundred more than 99865 
42A 2.07 19,138,257,376… 
 
TABLES OF ITEM DIFFICULTY FOR EACH ASPECT OF PLACE VALUE IN 
PILOT #2 
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Make/Represent 
 
Item Difficulty Threshold Item 
1A -4.8 One base-ten block 
2A -4.53 Ten base-ten block 
3B -3.89 100 base-ten block 
9A -2.81 1000 base-ten block 
17B -2.22 45 non canonical 
17A -2.2 draw 245 coloured counters 
31b0 -1.77 how many thousand block in 10000 
20A -1.7 425 non canonical 
28B -1.41 Jill says base-ten block is 600. Is she correct? 
45A 0.1 1215 coloured counters 
43B 0.47 6 boxes of lifesavers and 5 packets 
44A 0.9 what number do counters represent 12B, 12Y 12R 
44B 1.64 6 boxes 11 packets of lifesavers 
58B 1.68 base 7 blocks 
62A 2.75 base 4 blocks 
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Rename 
 
Item Difficulty Threshold Item 
8A -2.4 which number has 4 tens 
18B -2.22 50 ones are the same as __ tens 
14A -1.45 5 tens and 6 ones is the same as __ones 
16A -1.45 3 ones and 5 tens is the same as ___ 
31B -1.35 4 tens and 13 ones 
27A -1.16 place value chard tens/ ones mixed 
53B -1 1 hundred, 6 tens, 7 ones is same as __ ones 
23A -1 3 hundred, 4 tens, 5 ones is the same as ___ones 
54B -0.58 1 hundred, 6 tens, 7 ones is same as __ hundreds___ones 
32A -0.58 60 tens= ___ hundreds 
52B -0.53 1 hundred, 6 tens, 7 ones is the same as __tens__ones 
56b0 -0.21 how many hundred thousands are there in one million 
46bo -0.11 40 hundreds= ___ thousands 
22A -0.09 2 hundreds, 8 tens , 3 ones is the same as ___tens___ones 
60B -0.05 78 hundreds=  
36A -0.03 40 tens are the same as __ones 
47b0 0.08 45000g= ___kg 
24A 0.1 6 hundred, 8 tens, 4 ones is the same as ___hundreds__ones 
24a0 0.12 45 tens 
38ao 2.16 932 thousands=  
37b0 2.17 Ken travels 1000km how many meters? 
48b0 2.17 a road is 14000 000 metres how many km 
55A 2.34 5 hundreds and 59 tens and 10 ones 
30bo 2.34 4567 tens 
33a0 2.55 348 tens=  __ thousands 
41ao 3.32 78 hundreds? 
61B 3.94 Carly’s subtraction (can students’ recognize renaming?) 
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APPENDIX R 
Scatterplots for Each Aspect of Place Value from Pilot #2 
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APPENDIX S 
Final Forms A and B 
 
FINAL FORMS A AND B 
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END OF TEST 
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Final Form B 
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END OF TEST 
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APPENDIX T 
School C: PLS for Principal and Teachers 
Dear ________________, 
My name is Angela Rogers and I am currently completing my PhD at RMIT University. The 
supervisor for my project is Professor Dianne Siemon and the project has been approved by 
the RMIT Human Research Ethic Committee (ref. no: CHEAN B-2000350-06/10) and the 
Catholic Education Office Melbourne (ref. no: GE10/0009). The title of my research is 
Improving whole number place value assessment in Years 3-6: Unmasking the ‘experts’. Your 
school is warmly invited to participate in my research project. 
This information sheet attempts to describe the project in straightforward language. Please read 
this sheet carefully and be confident that you understand its contents before deciding whether 
to participate. If you have any questions about the project please feel free to contact me. 
This project involves developing and trialing a test to assess Year 3-6 students’ whole number place 
value knowledge. The project also involves looking at the effects of using this tool on the teaching 
of whole number place value in Years 3-6. The main research question is: Can an effective whole 
number place value assessment be developed for Year 3-6 students? Please be assured this project is 
in no way assessing the school’s or teachers’ individual performance. It is expected that three 
Catholic Primary Schools in metropolitan Melbourne will participate in the project. 
If I agree to participate, what will the project involve? 
Students 
In late 2012, the entire Year 3-6 cohort of students at your school will be invited to complete 
two versions of the Place Value Assessment Tool (PVAT) one week apart. One version will 
be a validated paper and pen version of the test and the other will be an online format. Each 
test should take no longer than one hour and will be based on place value content students in 
these year levels are expected to be familiar with. You are welcome to see copies of the test 
before the trial commences. After your students take both tests, they will be asked to complete 
a five minute survey comparing their experiences completing both versions of the PVAT. 
SCHOOL C:  PLS FOR PRINCIPAL AND TEACHERS 
461 
Teachers 
At the completion of the trial all Year 3-6 teachers will be asked to complete a voluntary, 
anonymous survey about their preferred mode of testing. 
What are the risks or disadvantages associated with participation? 
There are no risks associated with participation in research. One disadvantage may be that 
students are completing essentially the same test twice, however the results received from 
completing these tests will provide detailed evidence of each students’ place value knowledge. 
Please note that if students or teachers are unduly concerned about their responses to any of 
the survey or test questions they should contact me as soon as convenient. I will discuss their 
concerns confidentially and suggest appropriate follow up if necessary. 
What are the benefits associated with participation? 
Students will be involved in the trial of a new whole number place value assessment tool 
specifically designed for Years 3-6 in both the online and paper and pen format. Teachers will 
be provided with the results from the trial of the test so they can have detailed understanding 
of their students’ place value knowledge and identify each student’s area of need in whole 
number place value. 
What will happen to the information I provide? 
All information obtained through this project will remain confidential. Data will be coded to 
ensure the anonymity of the school, teachers and students will be preserved at all times. All 
data related to this project will be kept in a secure location and will be destroyed five years 
after the completion of the project. At the completion of the project a plain language report of 
the project outcomes will be made available, on request, to all participants. This will be sent 
to your school. Any information provided in the project can be disclosed only if it is to protect 
participants or others from harm, participants provide researchers with written permission or a 
court order is produced. 
What are participants’ rights? 
All participants have the right to withdraw from participating in the project at any time, 
without question or prejudice and have their questions answered at any time. Participants can 
also request any unprocessed data to be withdrawn and destroyed, provided it can be reliably 
identified, and does not increase the risk for them. 
Whom should I contact if I have any questions? 
Please contact the investigators in this project if you have any questions or queries. 
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Mrs Angela Rogers (PhD student: angela.rogers@student.rmit.edu.au) 
Professor Dianne Siemon (Project Supervisor: Professor, Education, RMIT University, 
dianne.siemon@rmit.edu.au , 9925-7916 
Yours Sincerely, 
Angela Rogers 
M.Ed, B.Ed 
Any complaints about your participation in this project may be directed to the Executive Officer, RMIT 
Human Research Ethics Committee, Research & Innovation, RMIT, GPO Box 2476V, Melbourne, 3001. 
Details of the complaints procedure are available on the ‘Complaints with respect to participation in research 
at RMIT’ page. 
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School C: Consent Letter to be Involved in 
Research Project for Principal 
To whom it may concern, 
This letter is to confirm that as Principal of #############, I confirm that our school is 
willing to participate in the Mathematics Education Research Project being conducted by 
RMIT university PhD student Angela Rogers (s3274454).The project involves all Year 3-6 
students participating in the trial of a pen and paper and online whole number place value test, 
titled the PVAT (Place Value Assessment Tool). The test will take approximately 50 minutes 
and will be completed in class time over two sessions. 
No students will be identifiable from the test as a coding system will be used. After the tests 
have been corrected by Angela Rogers, the results will be given back to each classroom 
teacher. From this information teachers will gain a clear understanding of their students’ level 
of place value understanding. 
As this is invaluable data for classroom teachers and the content of the test is completely 
related to the mathematics curriculum Year 3-6 students are currently studying, I give my 
permission for our students to take part in the trial of the PVAT. 
Yours Sincerely, 
Principal of XXXXXX 
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APPENDIX U 
Computer-Based Features used in the PVAT-O 
 
 
 
 
Click and Colour- This PVAT item which required 
traditional colouring skills. The equivalent PVAT-O 
item required students to click the dots to colour them 
Radio Buttons- A radio button is a small round 
graphical element which students are required to 
click on to indicate they wish to select that particular 
option in an item. Only one radio button can be 
highlighted at a time, thus the options are mutually 
exclusive. 
COMPUTER-BASED FEATURES USED IN THE PVAT-O 
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Fill in the Gap- A fill in the gap item requires students 
to enter data in each empty box to complete the pattern. 
All the boxes need to have text entered into them for 
the item to be considered complete by the PVAT-O 
database. 
Images- The images used in the PVAT-O were 
identical to those used in the PVAT, however the 
computer platform meant they were presented in 
colour and appeared larger on the screen 
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APPENDIX V 
Student Data Summary Table from PVAT-O Database 
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APPENDIX W 
PVAT-O Checklist* 
*modified from Centre for Studies of Higher Education (2012) 
Access and usage checklist 
 While most students have access to computers at home, some do not – does the design of 
the task ensure that this latter group is not disadvantaged? 
 Is student access to assessment tasks assured? Check students know their Internet 
passwords 
 Is there a cache present that could cause access problems? Check CEOM cache restrictions 
Quality of teaching and learning checklist 
 Is student learning related to subject content knowledge, understanding and skills being 
assessed rather than, or in addition to, ICT skills? To be determined in trial 
 Has the opportunity to plagiarise been eliminated or at least minimised? Ensure screen are 
not easily seen by others 
 Are mechanisms to enable rapid feedback to students about their responses been included? 
They will be notified if they skip a question. They will not be given immediate feedback on 
success. 
For online tests in particular 
 Have practice online assessments in the same format as the real assessment been provided 
so students can prepare adequately? Four practice items at beginning of test 
Are all answers able to be changed by the student up until the point where the test is 
submitted? Review page presented before submission allowing students to return to any items 
Have dynamic online test questions, incorporating rich information and the use of 
interactive images, sound and text? Sound and images included 
PVAT-O CHECKLIST* 
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For evaluation 
Have robust evaluation strategies that produce diagnostic, formative feedback been 
integrated into planning and development? Database will present data in tables by class, 
individual students and by items 
Has student feedback been used for reflection on the content and quality of the assessment? 
Student survey will be provided to gain these insights 
Technical and administrative checklist 
Has interference to the on-line assessment from scheduled maintenance periods been 
planned for? School is aware test is going on so no maintenance will be conducted during 
trial, possibility of interruption at a systems level by CEOM but unlikely. 
Has the system been kept as local as possible so that reliance on large (less reliable) 
networks is minimal? Australian Host Website 
Will the difficulties that some students have with passwords, access, usage and related 
issues be adequately managed by the system? Class Teachers will be present to assist 
 Where a range of computers and software packages are in use has the potential issue of 
compatibility been planned for? Need to check which Browser school uses 
Have simple matters, such as students incorrectly putting their details into the site correctly, 
been planned for? Students DOB will be checked by teacher or researcher before they proceed 
to test 
Has adequate technical support been ensured? Have emergency backup procedures been put 
in place? The School Technology Co-ordinator will be available if needed during trial. 
 Is the server reliable? The school describes the school are “reliable most of the time” 
469 
APPENDIX X 
Student Survey from PVAT-O Trial 
 
470 
APPENDIX Y 
Teacher Survey from PVAT-O Trial 
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APPENDIX Z 
Examples of Student Errors in Calculate items 
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APPENDIX AA 
Examples of Student Errors in Compare/Order items 
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APPENDIX BB 
Examples of Student Errors in Count items 
 
474 
APPENDIX CC 
Examples of Student Errors in Make/Represent items 
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APPENDIX DD 
Examples of Student Errors in Name/Record items 
 
476 
APPENDIX EE 
Examples of Student Errors in Rename items 
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APPENDIX FF 
Kidmap Transcripts 
Table FF.1. Transcript from Student 94’s Interview 
Year Three Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
5A 
7 + 10=  
Easier not 
achieved 
(Pause 12 seconds) umm 17. 
How did you work that out? 
I started at 7. Then I counted on 10 more. 7,8,9,10,11,12,13,14,15,16,17.  
10A 
How many 
$10 in $80 
Easier not 
achieved 
Umm… I’ll just count. 10,20,30, 40, 50, 60 ,70, 80. That would be 8. 
16A 
3 thousands + 
4 thousands 
=  
Easier not 
Achieved 
3000 + 4000 =  7000 
24A 
How many 
blocks make 
10 000? 
Harder not 
achieved 
10…… 
How did you know that? 
Because I know that 1000 is….like you would only need 100 to make it. 
Then I just counted on another 9 which would make 10. 
18A 
4 tens + 6 
tens=  
Harder not 
achieved 
7 tens 
How did you work that one out? 
Because you….I know that 6+4 = 7 and I just saw the tens so I knew it would 
still be tens 
26A 
Order 
numbers 
Harder not 
achieved 
90 would go first, 304 would go second, 1890 would go third, 10,789 
fourth, is it 1 billion? 
If you can’t read them can you still order them? 
Yep. Would go fifth….that would go sixth and seventh. 
How are you ordering them if you can’t read them? 
I just see the longest and if two are the same I look at the first number 
28A 
1000 block 
Harder Not 
Achieved 
Umm…100, 200, 300, 400, 500, 600 She is right the block is 600. 
KIDMAP TRANSCRIPTS 
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Year Three Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
27A 
5 tens and 6 
ones =  __ 
ones 
Harder not 
achieved 
60, 56 ones. 
You just write what you think. If you’re wrong it doesn’t matter.  
37A 
Write in 
words 54 087 
Harder not 
achieved 
5 hundred and 40, 5 thousand and 40, 800 and……5 thousand and 40 and 87 
49A 
Round 5 983 
to nearest 
thousand  
Harder not 
achieved 
Would be….5…..4….. 
Do you remember how to do rounding? 
No. I don’t think we learnt it. I think it might be 6 
30A 
2 hundreds + 
5 tens=  
Harder not 
achieved 
250 
36A 
1 hundred, 6 
tens, 7 ones 
=  __ tens __ 
ones 
Harder not 
achieved 
1 ten, 6 ones 
34A 
One hundred 
less than 
3027? 
 
Harder not 
achieved 
2000…and that would be….20,000 and 27 
Explain to me how you worked that one out. 
Because there is no hundred there…..so you will just take down the thousand, 
but I read that wrong it’s just 227 
33A 
200 + 5 
tens=  
Harder not 
Achieved 
200 and….wait….250 
38 
30 ÷ 10 =  
Harder not 
Achieved 
What does that say? 
You don’t know that one? 
Wait…I think it would be….300 I think 
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Year Three Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
42A 
Counters 
Harder not 
achieved 
You would need….10 of those….2 of them….15 of them. 
How did you work that one out? 
I know that, It’s kind of like place value, I think of it as hundreds, tens and 
ones. They are hundreds, they are tens and they are ones. 
So why did you put 10 in the yellow? 
Oh sorry I meant in a hundred 
Then how many in the blue….2? 
20 I think. 
Then 15 in the ones. 
Yeah 15 ones. 
So I just want you to explain to me again. So yellow, you want a hundred of 
them. So you’ve got to make this number yeah? So explain to me how you 
worked it out again. 
Paused 10 seconds 
I need…it could be just 10 of them to equal 1000, they’ve each got 100. 
Yep. 
And then there’s 2, I would need 2 of them. 
2 of the….? What value are they? 
10 blue cards 
What number would they make? 
They would only make 12…..wait….. 
So you said this one’s a 1000, and then how much would this make? 2 of the 
blue ones. 
That would have made 20. 
And then 15 of the ones? 
Yep 
So does that make that number there? So you have a 1000 there, 20 there and 
15 there. Is that right? 
Yeah 
46 A 180 
hundreds is 
less than 
1800. T or F? 
Harder not 
achieved 
True. 
Why is that true? 
Because they have 1000 and they don’t have 1000, but in their hundreds they 
don’t have a 1 but we have a one. They already know now that it’s still lower. 
So it’s this one is smaller than this one. 
Yep 
43A 
10 X 42=  
Harder not 
achieved 
I think it would be….(paused 10 seconds)….maybe 16 I think. 
How did you get 16? 
I’m trying to half things.  
53A 
1000 ÷ 100=  
Harder not 
achieved 
1 billion 
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Year Three Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
47A 
6 boxes and 5 
packets 
Harder not 
achieved 
So what are they asking? 
So you have 6 boxes and 5 packets and you have to use this information…. 
Do we just add it up? 
No it tells you how many are in each box and then you’ve got to work it out. 
65. 
How did you get that? 
Because it tells us there are 10 in each box, so I just knew its 1, 2, 3, 4, 5, 6, 
so put down the 6 in the tens and there’s 5 in the ones so I used my place 
value.  
54A 
Round 4567 
to nearest 
hundred 
Harder not 
achieved 
We didn’t do rounding. 
Have a go at it. 
Maybe a 6. 
And why is that? 
Because 4567….I just looked at the number next to it. 
So the 5? 
Or the other thing would be just double up a hundred. 
58A 
Round 6796 
to nearest ten. 
Harder not 
achieved 
Ok well that would go up to a 1. 
44A 
Write in 
number 
Harder not 
achieved 
3 million, one hundred and 75…..I think 
So you did 3 and then 2 zeroes for the hundred thousand. So 3 for the million, 
and 2 zeroes for the hundred thousand. Then 75? 
Yep 
51A 
How many 
thousandth in 
324 567? 
Harder not 
achieved 
5? 
5. How did you work that out? 
I don’t know I just counted these 2 together. 
The 3 and the 2? 
Yea because those ones aren’t thousands or over, but these 2 are. 
So the 7s what are they? 
Ones, tens, hundreds….oh wait…..(paused 5 seconds)……can I change it? 
Yeah. So what did you do? 
So I just added the same thing, I added those two together. 
The 2 and the 4? But not the 3? Why not the 3 this time? 
No. Because that would have been billions, and that would have been 
trillions… 
OK so just those 2. 
57A 
Value of ‘2’ 
in 251 400? 
Harder not 
achieved 
2 hundred and 51 billion and 4 hundred……. 
 
56A 
10 x 40 40 
Harder not 
achieved 
I don’t know. 
KIDMAP TRANSCRIPTS 
481 
Year Three Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
60A 
Number line 
30 070 to 30 
170. 
Harder not 
achieved 
Paused 15 seconds…… 
So what did you get? 
I counted another 10, so I got 30, 000…3,067. 
So you counted? 
By tens, because I looked at that….it starts at 0 and that would have been 
3017, 3027, 3037, 3047, 3057, 3067, 3077, 3087, 3097 and then it just went 
up to a hundred. 
Ok yep. How did you know to count by tens? Did you just guess? 
No, I looked at the 2 numbers and I kind of just figured it out.  
63A 
8095 
multiplied by 
ten 
Harder not 
achieved 
The ones are going down by one, the tens up by twos, but they hundreds 
go by one, then two…I’m not sure…is this a real pattern? 
71A 
78 hundreds 
= ? 
Harder not 
achieved 
- 
50A 
Counters 
Harder not 
achieved 
There’s 12 blues. Yellow represent 100 so that’s…..I need to introduce 
thousands.... 
So what number did you get? 
I got confused I got 12,000….no 1200. Red would be 12. So I think it would 
be 12 and another 12 then another 12. 
So that’s the number it represents?....12 hundreds? 
12 thousand, 12 hundred and 12. 
 
52A 
How many 
$100 in $15 
000 
Harder not 
achieved 
1000 I think? 
59A 
Base Seven 
Blocks 
Harder not 
achieved 
1000 
Why is that a thousand? 
I explained it before, what the teacher told us, that its all covered up on 
the inside.  
41A 
6 hundreds, 8 
tens, 4 ones 
is the same as 
__ hundreds 
__ ones 
Harder not 
achieved 
8 ones and 6….and 4 hundred. 
How did you get that? 
I don’t know, I think I was going one down. 
One down, so the tens go into the ones? 
Yeah but the fours are at the end so they go into the hundreds. 
KIDMAP TRANSCRIPTS 
482 
Year Three Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
35A 
60 tens=  __ 
hundreds 
Harder 
Achieved  
6 hundreds I think. 
29A 
Ten more 
than 3791? 
Harder 
Achieved 
3891  
25A 
178, 168, 
158, 148, 
138…. 
Harder 
Achieved 
128, 118, 108, 98, 88…. 
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Table FF.2. Transcript from Student 84’s Interview 
Year Three Male 
PVAT Stage Three 
Item No. Classification Interview Transcript 
38A 
30 ÷ 10 =  
Easier not 
achieved 
(Paused 3 seconds)….Umm 3 
5A 
7 + 10=  
Easier not 
achieved 
Oh that’s easy. One ten and seven ones is 17.  
35A 
60 tens=  
__ hundreds 
Easier not 
achieved  
(Paused 14 seconds)….ummm is it….(Paused 13 seconds)….I just can’t 
think 
34A 
One 
hundreds 
less than 
3027? 
Easier not 
achieved  
Paused for 7 seconds) 2000 and….97….. 
2000 
No wait…..2000 and…I think it’s 2000 
Would it help if you write it down or are you ok doing it in your head? 
Umm….don’t know… Its just there is no hundreds so its hard. 
46 180 
hundreds is 
less than 1 
800 
Harder not 
achieved  
True 
How did you work that out? 
(Paused 5 seconds)……I don’t know. Umm well hundreds are smaller 
than thousands. 
43A 
10 X 42=  
Harder not 
achieved 
(Paused 11 seconds) don’t know. 
What are you trying to do to solve this? 
I tried to write 10 forty two times but that will take forever! I pass that one. 
53A 
1000 ÷ 
100=  
Harder not 
achieved 
(Paused 7 seconds) It gets 10. 
How did you get that? 
Umm….I went…..oh it’s because 1000, if you do…..I don’t really know. 
44A write 
in numbers 
Harder not 
achieved 
How do I do that? Do I just say it 
Do you want to have a go with that or you can just tell me the numbers? 
3….um….yeah I can’t 
51A 
How many 
thousands in 
324 567? 
Harder not 
achieved 
Paused 25 seconds) 9. 
9? How did you get that? 
I was just thinking that they are like thousands. I went 4 and 3 =  7, and then 
2 =  9. 
So you added up the 3, 2, and 4? 
Yep 
56A 
10 X 4 
040=  
Harder not 
achieved 
Don’t know 
60A 
Number line 
Harder not 
achieved 
That would be about 30,120 something 
How did you work that out? 
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Year Three Male 
PVAT Stage Three 
Item No. Classification Interview Transcript 
30 070 to 30 
170 
Because that’s 30,070 so it would be higher than that, so it’s more on that 
side, so it would be around there. 
So you’re just estimating? 
Yep 
52A 
How 
many$100 
in $15 000? 
Harder not 
achieved 
I think it’s (paused 10 seconds) maybe 15. 
Yeah, how did you get that one? 
Well 100 x 10 =  1000, and I just did this as 5 ones.  
65A 
Ten times 
smaller than 
440 
Harder not 
achieved 
Does it mean like in ones? Counting by ones. 
What number is 10 times smaller, counting in ones? 
Does it mean counting 10 times backwards in ones? 
No. 10 times smaller 
(Paused 20 seconds) 
Maybe 40…maybe 
68A 
5 hundreds 
and 59 tens 
and 10 ones 
Harder not 
achieved 
Don’t know 
59 
Base Seven 
Blocks 
Harder not 
achieved 
(Paused 14 seconds)…..So that’s just…..don’t know 
41A 
6 hundreds, 
8 tens , 4 
ones is __ 
hundreds 
___ ones 
Harder not 
achieved 
(Paused 10 seconds) don’t know 
50A 
Counters 
Harder achieved  (Paused 27 seconds)….Pass 
55A 
Ones less 
than 6 380 
000? 
Harder achieved Paused 10 seconds)….6….. 
That number is 6,380,000 
6,380,000. That would be 6,379,000 
 
57A 
Value of 
“2” in 251 
400 
Harder achieved  Paused 13 seconds. 200,000 
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Table FF.3. Transcript from Student 191’s Interview 
Year Four Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
16A 
3 thousands 
+ 4 
thousands=  
Easier not 
achieved  
7 thousands 
12A 
4 x10 =  
Easier not 
achieved 
4 times 10. Ummm.. 10, 20, 30 ,40. I think its 40. 
6A 
Hundreds 
block 
Easier not 
achieved 
It’s a hundred. 
Do you know why it is a hundred? 
Umm… not really. 
If I gave you these tens blocks would that help? 
Umm… its hundreds, they are tens. I’m not sure…Its just what my teacher 
told me. 
15A 
Thousands 
block 
Harder not 
achieved  
1000 
20A 
3 tens blocks 
15 ones 
Harder not 
achieved 
(Paused 25 seconds)….[wrote 315] cause there are 3 of the tens and 15 
ones. 
23A 
How many 
tens in 100? 
Harder not 
achieved 
(paused 10 seconds)…10 
19A 
How many 
tens in 89? 
Harder not 
achieved 
(paused 15 seconds)….80 
22 
One 
hundreds less 
than 3927? 
Harder not 
achieved 
(paused 1 minute 30 seconds)…. 
How are you trying to work that out Taylor? 
I’m trying…..I think you take away one from the 3, one from the 9, one from 
the 2 and one from the 7…..so 3 take away 1 is 2, 9 take away 1 is 8, 2 take 
away 1 is 1, 7 take away 1 is 6……..2816…… 
37A 
Write in 
words 54 087 
Harder not 
achieved 
54000…..54800……54087 
49A 
Round 5983 
to nearest 
thousand 
Harder not 
achieved 
 I’m not sure how to round that. 
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Year Four Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
28A 
MAB block 
Harder not 
achieved 
No 
What does that block equal to? 
1000 
Do you know why? 
30A 
2 hundreds + 
5 tens=  
Harder not 
achieved 
25 tens……equals 7 one 
Okay. Why 7 ones? 
Because 5 plus 2 equals 7. 
And does it matter that they’re hundreds and they’re tens? 
So you’ve written ones there. So 2 hundreds and 5 tens is 7 ones? 
Yeah  
33A 
200 + 5 
tens=  
Harder not 
achieved 
Is 205. 
38A 
30 ÷ 10 =  
Harder not 
achieved 
3 
29A 
Ten more 
than 3791 
Harder not 
achieved 
3700….4000……4001. 
 
35A 
60 tens=  __ 
hundreds 
Harder not 
achieved 
6 hundreds…..60 hundreds 
34A 
Ones 
hundred less 
than 3027? 
Harder not 
achieved 
(paused 15 seconds)…..2000……2016. 
And again did you work that out by taking one away from each of those 
numbers? 
Yep. 
42A 
Counters 
Harder not 
achieved 
(paused 1 min 25 seconds)…..pass 
46A 
180 hundreds 
is less than 
1800. T or F? 
Harder not 
achieved 
False. 
Why do you think false? 
Because 180 is less than 1800 and because 180 has 1 zero and 1800 has 2 
zero. 
Ok, so that is less than that? 
Yep. 
So is that true or false that it is less than that? Your saying that that one 
is less than that one aren’t you? 
Yeah. 
So do you mean that that is false or true? 
True. 
43A Harder not (paused 35 seconds)…..Pass 
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Year Four Female 
PVAT Stage One 
Item No. Classification Interview Transcript 
10 x 42=  achieved 
47A 
6 boxes and 
5 packets 
Harder not 
achieved 
(Paused 1 minute and 15 seconds)……150. 
Okay how’d you get that? 
Because I counted 5 six times. 
So you went…you count… 
5..10… 15… 20… 25… 30 
Yep. And how did you get 150? 
Because there are 5 packets in each box and I went 5… 10… 15.. 20… 25.. 
30… and I counted them 6 times. 
Okay so show me out loud. 
5… 10… 15… 20.. 25… 30… 35… 40… 45… 50 …55 ...60… 65… 70… 
75… 80…85 …90...95...100 ….105 …110… 115….120 ….125 
….130…135…140….145….150..155….160 
Okay so you were counting by 5 on these 
Yep 
so 5….10…15…20….25….30 
and on these ones, same? 
Yeah.  
44A 
Write in 
number 
Harder not 
achieved 
3 million one hundred thousand and seventy-five 
41A 
6 hundreds, 8 
tens , 4 ones 
=  __ 
hundreds __ 
ones 
Harder not 
achieved 
68 hundreds and 4 ones 
36A 
1 hundred, 6 
tens, 7 ones 
=  __ tens __ 
ones 
Harder 
achieved 
16 tens and 7 one 
How did you know that? 
Because…(paused 55 seconds) 
Don’t know? 
No.  
25A 
178,168,158,
148,138…. 
Harder 
achieved 
128….118…..108….98……88…. 
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Table FF.4. Transcript from Student 286’s Interview 
Year Four Female 
PVAT Stage Three 
Item No. Classification Interview Transcript 
21B 
Circle the 
largest 
number 
Easier not 
Achieved  
34,101 
40B 
45 000g =  
__kg 
Easier not 
Achieved 
(Paused 10 seconds) 
How did you work that one out? 
Because that’s 45,000 and 1 gram is 1,000 so it would be 45,000 grams to 
45 kilos  
42B 
Counters 
Easier not 
Achieved 
(Paused 12 seconds) 
OK so how did you work that out? 
Well 120 times 100 equals 1200, and 10 plus 5 equals 15. 
50B 
5000 ÷ 1000 
Harder not 
achieved  
(Paused 10 seconds)…I think that would equal…..(paused 20 
seconds)….I’m not quite sure on that one. 
58B 
6 boxes and 
11 packets 
Harder not 
achieved 
Does that mean there is 11 in the packet or there is 11 packets? 
Yeah 11 packets 
Yeah 6 boxes and 11 packets…..(paused 15 seconds)……170? 
How did you get that? 
Well I figured that 10 times 6 equals 60 an then that there is 10 in each 
packet and there are 1110 because 10 times 11 equals 1110. 
So this bit down here is 110? Is that right, the 11 packets? 
Yep 
And this bit is 60? 
Oh is it supposed to be all of the little life savers? 
Yeah, what did you think it was? 
I thought it was how many packets…so 10, 10..600…….710. 
49B 
One less than 
801 000 
Harder not 
achieved 
(Paused 10 seconds)….Wait….Well if you take 1 less than that would be 9, 
if it was just 0 it would be 99 without the extra 0, then you would have to 
lose the 1 because you are going onto a lower one.  
43B 
10 x 300=  
Harder not 
achieved 
Umm..3 000. 
How did you get that answer? 
Well I just added a zero in the tens place.  
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53B 
10 x 4040=  
Harder not 
achieved 
(Paused 25 seconds)…..I added on another zero. 
Where did you put the zero? 
Umm… I put in on the end. 
Why did you put it there? 
Umm there was a ‘4’ in the tens place so I just put it on the end. 
Ok, do you know why that works? 
No I’m not sure. 
59B 
Number line 
30 070 to 30 
170 
Harder not 
achieved 
(Paused 1 min)….I’m not sure…. 
Don’t know? So tell me what you’ve done so far. 
I’ve counted what number that would be but I’m not sure how to write it 
because it’s the 6th one and I thought it would be like 30,060 but it’s still 70. 
So how did you work out each one of those jumps was a 10? 
Because there is 9 of them and the last one is…. 
So you looked at the 10 spots, and you looked at the difference between 
those 2? 
Yep there’s 100 different 
So the 100 and the each one is 10 but you just can’t work out what the last 
bit is to work out what the actual number is. 
Yep 
62B 50 000 ÷ 
10 
Harder not 
achieved 
(Paused 20 seconds)….10 000. 
How did you work that one out? 
I’m not sure, I’m just guessing.  
41B 
How many 
$100 in $15 
000? 
Harder not 
achieved 
(Paused 12 seconds) 
How did you work that one out? 
Because 150 times 100, I think it equals 15 thousand 
48B 
Counters 
Harder 
Achieved  
(Paused 1 minute 30 seconds)……I added 120 plus, 1200 and that equalled 
13……1320 then I added 1320 to 12 and I got 1332. 
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14A 
Ten more than 
31? 
Easier not 
achieved 
What number is 10 more than…. 
22A 
One hundred 
less than 3927? 
Easier not 
achieved 
3827. That’s easy I just took one from the hundreds column. 
35A 
60 tens=  __ 
hundreds 
Easier not 
achieved 
6….Umm actually no…let me think about this (pause 12 seconds)… 
10 tens is one hundred, 20 is two hundred, 30 three hundred, 40 
four hundred, 50 five hundred, 60 six hundred…so six hundreds 
28A 
Jill and base-
ten thousand 
block 
Easier not 
achieved 
Umm… no she is not correct that block is a thousand. 
Can you prove that? 
Yep cause there are 10 hundreds in 1 thousand. Basically she is 
counting the outside. You have to count the inside. 
26A 
Order these 
numbers… 
Easier not 
achieved 
(Paused 10 second) I don’t know the rest of the numbers…. 
Ok, so you don’t know how to order them? 
I don’t know how to say them. 
Doesn’t matter if you don’t know how to say them. Can you order 
them? 
(Paused 10 seconds) not sure that I know. 
25A 
178,168,158, 
148,138… 
Easier not 
achieved 
128, 118, 108, 100, 98 
30A 
2 hundreds and 
5 tens=  
Easier not 
achieved 
(Paused 10 seconds) 205 
38A 
30 ÷ 10=  
Easier not 
achieved 
I don’t know division 
42A 
Counters 
Harder not 
achieved 
(Paused 17 seconds) red would be 1, blue would be 10, yellow would be 
100. 
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27B 
Jill say MAB is 
600 
Easier not 
achieved 
No….wait……I have to go back (goes back to previous question)…… 
Why do you have to go back? 
This MAB block is equal to 600 she is correct because a cube has 6 sides. 
This is saying “Jill says…” so is that correct? 
Yes because one of their sides equals 100 and there’s 6 faces on a cube so 
yes she is correct….that means I have to go back and change my answer 
when I went for 1000 for the MAB… 
Ok why did you write 1000 before? 
Usually this is represented as 1000, usually….. 
Why do you think it’s changed? 
She said the actual value actual faces are on this cube. 
So is that right? 
So were both right, except if we do it and count up all the faces one by one 
Jill would be correct….I’m still confused I don’t know which one to write 
1000 or 600. 
So which one do you think it is? When you’re representing a number what 
does that block represent? 
Usually when they just hold up a cube, it’s supposed to represent 
1000….but she is right to equal 600….(paused 16 seconds)….this just 
keeps getting harder and harder……Is equal to 600 but…..wait now I’m 
starting to get even more confused…..now am I supposed to say yes or no, 
600 or 1000… 
You can leave it if you want. 
Wait, it might not even be either one because it says “one cube represents 
one which means 600 is 600, you can see 600 faces if you turn it all around 
but in reality it doesn’t have 600 cubes in it. 
How many cubes is it? 
(counting)….nine….nine…..18… 
How many are there? 9? 
Yeah because you can’t count this because this is already one in another 
column……I’d say no. 
 
26B 
3 ones and 5 
tens is __ ones 
Easier not 
achieved 
53 ones 
46B 
180 hundreds is 
less than 1800. 
T or F? 
Easier not 
achieved 
(paused 3 seconds) 180 times 100….add 2 zero…..false 
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58B 
6 boxes and 11 
packets 
Easier not 
achieved 
(Paused 10 seconds)….100 times 6 equals 600, is equal 10 times 11 equals 
110….600 plus 110 equal 710. 
69B 
Base Four 
Blocks 
Harder not 
achieved 
(Paused 15 seconds)…six…done 
What did you do? 16 times…. 
16 times 6 because a cube has 6 sides/faces.  
68B 
10 x 23 406 
Harder 
achieved 
234060 
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22A 
One hundred less 
than 3927?  
Easier not 
achieved 
That is 3827. 
25A 
178,168, 158, 
148, 138… 
Easier not 
achieved 
 
128, 118, 100, 98, 88 
36A 
1 hundred, 6 tens, 
7 ones =  __ tens 
___ ones 
Easier not 
achieved 
 
6 tens and 7 ones 
34A 
One hundred less 
than 3027? 
Easier not 
achieved 
Two thousand and ninety seven… I mean yeah 
46A 
180 hundreds is 
less than 1800. T 
or F? 
Harder Not 
Achieved 
True 
(Pause 12 seconds) True… because its 180 hundreds and that’s 1800 but 
that’s hundreds so it’s not in the thousands so it’s less than thousands. 
43A 
10 X 42=   
Harder Not 
Achieved 
Umm. (pause 41 seconds ) 80. Not sure why. 
54A Round 4567 
to nearest hundred 
Harder Not 
Achieved 
(Pause 32 seconds) 600. It’s after half way so it’s closer to the 600 than 
500…Yeah its 600. 
53A 1000 ÷ 100=  Harder Not 
Achieved 
Ah yeah Ten hundred… because ten hundreds equals one thousand. 
58A Round 6796 
to nearest ten 
Harder Not 
Achieved 
 
7006. Because I looked at the 96 cause its closest to the nearest ten 
column so I added another ten then I used the two numbers at the start 
and that’s what I got. 
56A 
10 x 4040=  
Harder Not 
Achieved 
 
Umm (pause 64 seconds) I’m not that sure  
68A 
5 hundreds, 59 
tens and 10 ones=  
Harder Not 
Achieved 
 
Um…I’m going to write five, fifty-nine, ten [55910]. Not sure 
why…just writing the numbers I see. 
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63A 
8095 multiplied 
by 10=  
Harder Not 
Achieved 
I don’t know 
50A 
Counters 
Harder Not 
Achieved 
(Pause 37 seconds) I’ve got three hundred and twelve thousand and 
twelve. Because it’s ten yellow and that equals to three hundred…so 
actually three thousands but I did the blue that was 12...10 then there was 
120 tens then there was 12 reds. 
So what’s the three for? 
The yellow 
So you have 120 here. 12 for red and this three is for the yellow and 
where does this three come from? 
Because I counted it… and I got to three hundred and twelve…that’s 
what I got. 
62A 
One thousand two 
hundred more 
than 99 865? 
Harder Not 
Achieved 
(pause 65 seconds) one hundred thousand and sixty five. 
67A 
How many 
hundreds in 6 
598? 
Harder Not 
Achieved 
500 I think 
69A 
Number line 
Harder Not 
Achieved 
Umm... it might be (pause 38 seconds) 666,666 because if I counted and 
I kept on going it would be the same with all sevens and then all eights 
and then all nines and then a thousand. 
70A 
10 x 23 406 
Harder Not 
Achieved 
I don’t know 
52A 
$100 notes in $15 
000? 
Harder Not 
Achieved 
Umm…15 thousand.  
64A 
19, 138, 257, 376, 
495, 614… 
Harder Not 
Achieved 
I don’t know 
65A 
Ten times smaller 
than 440? 
Harder Not 
Achieved 
(pause 14 seconds) 430 maybe… I took away ten 
59A 
Base Seven 
Blocks 
Harder Not 
Achieved 
900…maybe. Because they took a hundreds off it...it’s usually ten it 
would equal to 1000 so they took off a hundred and I got 900. 
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41A 
6 hundreds, 8 
tens, 4 ones=  __ 
hundreds ___ 
ones 
Harder Not 
Achieved 
 
6 hundred and 4 ones 
57A 
Value of ‘2’ in 
251 400 
Harder 
Achieved 
 
One hundred thousand. 
So what is the value of the two? 
Two hundred thousand 
51A 
How many 
thousands in 324 
567? 
Harder 
Achieved 
Ohh...324 
44A 
Write in numbers 
Harder 
Achieved 
(Wrote 3,100,075 ) 
55A 
One less than 6 
380 000 
Harder 
Achieved 
(pause 35 seconds) 6 379 999 
71A 
78 hundreds= ? 
Harder 
Achieved 
I’m not sure… Umm I’m just going to add two zeros on cause it says 
hundreds. So 7 800 
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41A 
6 hundreds, 8 
tens , 4 ones is 
__ hundreds __ 
ones 
Harder not 
achieved 
 
Is the same as… I think it’s the same as 68 hundreds and 4 ones 
59A 
Base Seven 
Blocks 
Harder not 
achieved 
 
(Pause 8 seconds) I think it represents… (pause 3 seconds) 999…oh wait 
no…um…this block here (pointing to the flat) is usually like 100 and that 
is usually like (pointing to the block) a 1000 block but if 
you…wait…that’s not it…but if you half and take off one (half 100 and 
take away 1 equals 49)… so I think it would be 490. So half (of block) is 
500 take away ten cause this one (the block) is bigger. 
68A 
5 hundreds and 
59 tens and 10 
ones=  
Harder not 
achieved 
 
So do I have to write what number? 
Yes 
Umm (pause 15 seconds) I did 569. Um I just put the five hundreds down 
and then I put the 50 tens but there were an extra ten ones so I added that 
as a 6 and then I just put down the 9. 
65A 
What number is 
ten times 
smaller than 
440? 
Harder not 
achieved 
 
Ten times smaller would be… (pauses 37 seconds) I think it would be 40. 
I got that because if it like ten times that I think of kind of like a hundred 
so I just thought if I just took off that…off the 400 it would just leave 40. 
64A 
19,138,257, 
376,485, 614… 
Harder not 
achieved 
Umm (pause 81 seconds) I think it would be after 614 it would be 733 
cause I kind of picked up it was always going up by and the next in 
the tens column it would always go up by two and in the last, units 
column it would go down by one so I did 733,852, 971  
52A 
How many 
$100 to make 
$15 000 
Harder not 
achieved 
There would need to be 15. 
50A 
Counters 
Harder not 
achieved 
 
(count by 100’s quietly) There’s 1200 (pointing at blue counters) 
Then…(pointing at yellow counters) 
300,400,500,600,700,800,900,2000,2010, 2020,2030,2040..yeah 
2040..then (pointing at red counters) 
2041,2042,2043,2044,2045,2046,2047, 
2048, 2049, 2050, 2051, 2052...yep then it would just be 2052.  
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62A 
One thousand, 
two hundreds 
more than 99 
865? 
Harder not 
achieved 
 
One thousand more would be one hundred thousand, eight hundred and 
sixty five. 
Just read the question again. 
Oh yeah, if I add two hundred more it would be one hundred thousand… 
I think it would be one hundred and one thousand and sixty five. 
67A 
How many 
hundreds in 6 
598? 
Harder not 
achieved 
 
65. You can put like that 65 into hundreds, especially when you’re using 
MAB blocks and then there would just be 98 because they haven’t 
reached the hundreds yet. 
71A 
78 hundreds=  
Harder not 
achieved 
 
7800, I just worked it out cause if its hundreds it has to have two zeros on 
the end so I just added two zeros. 
51A 
How many 
thousands in 
324 567? 
Harder not 
achieved 
 
There are…there are (pause 8 seconds) 20. I got that because that’s three 
hundred thousand and it’s not like an actual thousand so… and that 
would be a 4 which is... oh yeah so that’s 24 thousand 
47A 
6 boxes, 5 
packets? 
Easier Not 
achieved 
 
(pointing at boxes) 100,200,300,400,500,600…(pointing at packets) 
610,620,630,640,650…um I think about 650 
35A 
60 tens=  
_hundreds 
Easier Not 
achieved 
 
Umm...(pause 3 seconds) 6 hundreds 
29A 
Ten more than 
3791? 
 
Easier Not 
achieved 
It would be…ten more would be… three thousand eight hundred and 
(pause 6 seconds) and 11..uh or 1.(wrote 3801) 
25A 
178,168,158, 
148,138… 
Easier Not 
achieved 
 
128,118, one hundred and…..eight um (pause 11 seconds) 98(very 
quietly), 88( very quietly) 
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41B 
How many 
$100 notes in 
$15 000? 
Easier not 
achieved 
 
How many $100 notes are needed to make $15 000. You’d need 
15..Wait…Yep 15 
68B 
10 x 23 406 
Easier not 
achieved 
 
I just added a zero cause its times ten. I added it on the back…so that’s 
234, then ‘o’ six ‘o’ 
59B 
Number line 30 
070 to 30170 
Easier not 
achieved 
 
Ah because it says three seventy and three one seventy now I can see 
there is ten there [pointing at partitions] so I just counted by tens. So it’s 
three eighty, three zero eighty. 
How did you know to count by tens? 
Cause there is ten of these here (partitions) are they are ten apart...1, 2, 
3,4,5,6,7,8,9. 
What is ten apart? 
There is ten there [partitions] so you just count by tens. Thirty seventy, 
thirty eighty, thirty ninety, forty…three eight, ninety, one hundred, one 
hundred and ten, one hundred and twenty, one hundred and thirty. 
So let me get this right, first you counted how many lines there were? 
Yes 
Then you looked at these two numbers (pointing at start and end of 
number line)? 
Yep and I knew they were 100 apart. 
Then you looked at the ten lines? 
Yep and you just count by tens. I knew 10 times 10 equals 100 and there 
are ten (lines) there, you count by tens. 
66B 
5 hundreds and 
59 tens and 10 
ones 
 
Harder not 
achieved 
 
1000…no 2000. Cause 5 hundreds. That’s 59 tens so you add the 5 there 
that’d be 1000. Then it’s got 90 left. Then that is ten ones…so you add 
the 10 there that would be 2000. So 500 + 590 equals 1090 plus ten…oh 
it equals 1100 
69B 
Base Four 
blocks 
Harder not 
achieved 
 
16 times 6... 
That’s 16 + 16= 32 and then I kept adding and then I forgot to do 
that one. 
OK so you added 16 six times? 
I am timesing the hundreds block number by six cause there are six 
sides to the thousand block 
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65B 
14 235 000m is 
how many km? 
 
Easier Achieved 
 
Kilometres… 14,235. I just…1000 has 2 threes in it so I just took off 
those two threes. 
The three zeros? 
Yep 
48B 
Counters 
Easier Achieved (Counts)...6 so that’s 12. Two and one here. That would be 13 which 
is…32 and add one hundred here which is 1332. 12 reds is 12 so yes 12. 
Keep the 2 put the one extra over here (with the tens). So [counts quietly 
1 to 13] so that would be 13 here as well. That would be 1332. 
So what were you doing there? 
I added the reds together, I kept the seconds one number there. 
What number? 
The ones column number. 
OK, so what did the red add up to? 
12. So I put the tens over here cause this is tens over here [points to tens 
counters]. So you add the ones… it becomes 13. So then you add the one 
cause that’s 100. Then you add the hundreds together so that’s 13. 
 
Table FF.10. Transcript from Student 364’s Interview 
Year Five Male 
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66B 
5 hundreds 
and 59 tens 
and 10 ones  
Harder Not 
achieved 
One thousand, one thousand one… no two thousand. 
Could you explain? 
5 hundreds then 59 tens is another five hundred then ten ones is a ten. So 
that adds on another hundred, so that adds on a thousand, that adds on two 
thousands…oh no no no its 1100. 
69B 
Base Four 
blocks 
Harder not 
achieved 
 
(Pause 28 seconds)…64. 
How did you get that? 
Cause you need to count the top and bottom so that block is pretty much 
um…16 times 4 and that is 64. 
46B 
180 hundreds 
is less than 
1800 T or F? 
Easier Not 
achieved 
 
False 
Could be tell me why it’s false? 
Cause one hundred which is double zeros. so you need about ten to get to 
one thousand, so only twenty would be higher, but 180 hundreds is a lot 
higher. It would actually be 18 thousand so that’s false 
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66B 
5 hundreds and 59 
tens and 10 ones 
Harder Not 
achieved 
569. Umm so you add the ten ones to the 59 tens it will be 69 tens and 
then the 5 hundreds. So 569 
50B 
5000 ÷ 1000 
Easier Not 
achieved 
5. I know 1 000 times 5 is 5 000 
35B 
1 hundred, 6 tens, 
7 ones is the same 
as __ tens  
__ones 
Easier Not 
achieved 
16 tens and 7 ones, cause I know there are 10 ten in one hundred and 
6 more and then 7 ones 
34B 
I hundreds, 6 tens, 
7 ones is the same 
as __ hundreds, 
__ ones 
Easier Not 
achieved 
 
16 hundreds and 7 ones 
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69B 
Base Four 
blocks 
Easier Not 
achieved 
 
(pause 10 seconds) 16,32, so is that 12 but it represents 16? 
No, it should be 4X4. 
Ok so 16 times four is 64. 
58B 
6 boxes 11 
packets 
Easier Not 
achieved 
 
100 in a box…so its 710 lollies fit in 6 boxes and 11 packets 
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69B 
Base Four 
Blocks 
Harder 
Achieved 
 
16 times 6… so double 16 is 32…64 and another 16 is 80. Yep the 
answer is 80. 
66B 
5 hundreds and 
59 tens and 10 
ones 
Harder not 
achieved 
 
(Pause 6 seconds) 1000… um yep 2000. So that’s 500 (pointing to text 
saying 5 hundreds). That (pointing to text saying 59 tens) equals 590. 
That (pointing to text saying 10 ones) equals ten. Add altogether 1100… 
the answer would be. 
41B 
$100 notes in 
$15 000 
Harder not 
achieved 
 
15… one hundred and you need to make one hundred and fifteen. No 
that’s not right. Hang on... (Pauses 11 seconds) no that’s not right. You 
need 10 to make one thousand…then you times ten by 15 which equals 
150. 
68B 
10 x 23 406 
Harder not 
achieved 
 
That’s a hard one… it something to do with the power of ten. So...it’s ten 
times… so you break it down into parts… no that doesn’t work…its too 
big. So if you times ten by…um I think I’ll leave this one. 
59B 
Number line 30 
070 to 30 170 
Easier Not 
achieved 
 
(14 second pause) that would be… (3 second pause) these are going up 
by ten so then thirty thousand, 80, 90…three thousand...umm 30130. 
How did you know to count by tens? 
Cause I looked here (pointing at the starting number) and then... so I got 
here I got... I counted 80, oops, 80 and then I got to here and I saw 130 
but then I counted on here to make sure 
So you guessed it was counting by tens? 
First I thought it was so I counted it up (counting by tens) and I got to 
here and I thought that was it, but to make sure I counted from 130 to see 
if I would get to 160 here. 
62B 
50 000 ÷ 10=  
Easier Not 
achieved 
Fifty divided by ten equals 500. Cause tens… ten and ten so...ten goes 
into that 500 times. This is the way I was taught...if it’s like ten so you 
cut off where the ten is (covering the tens and ones column) so that 
would be here and you look at the number there. So 500. 
70 B 
78 hundreds? 
Easier Not 
achieved-  
Is…78 thousand (wrote 78,000) 
58B 
6 boxes and 11 
packets 
Easier Not 
achieved-  
So I already know that’s ten so...(pointing to boxes) 
100,200,300,400,500,600,(pointing to packets) 
610,620,630,640,650,660,670,680,690,700,710 
52B 
Round 3798 to 
nearest hundred 
Easier Not 
achieved 
 
3898. Well so to round to the nearest hundred you look at the tens and 
ones column and if it’s under 49 you round it down…if its 50 or over you 
round it up and this one was 98 so I rounded it up to 3898..no 3800 
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66B 
5 hundreds, 59 
tens and 10 
ones 
Harder not 
achieved 
 
1100. 
How did you work that out? 
Cause 5 hundreds and then 59 tens say fifty tens is 500 so that’s wait… 
yeah so then 50 tens and five hundreds is basically the same…is one 
thousand. Then 1090 plus ten ones is 1100. 
69B 
Base Four 
Blocks 
Harder not 
achieved 
 
Um... (Pause 19 seconds) 64 I think. 
How did you work that out? 
Cause there is like 16 on each row and like 4 rows. So I did 16 and 
another 16 and another 16 and another 16. 
65B 
14 235 000 m 
is how many 
km? 
Harder not 
achieved 
 
Well… I think it is 1 423 500 kilometres. 
How did you work that out? 
Say its fourteen million, two hundred and thirty five then zero zero zero. 
I moved every number like one spot down so then I eliminated one of 
these so its 1423500. 
OK so why did you move them one spot? 
Cause I thought that a kilometre is bigger than one thousand meters so 
as in like… so you move every number down because the kilometres 
are bigger so you wouldn’t move it up. 
4B 
How many 
ones in 19? 
Easier not 
achieved 
 
Umm… I think 19 or 9 
27B Jill says 
base-ten block 
is 600 
Easier not 
achieved 
 
Ummm...(pause 9 seconds) I think ‘no’ cause there is one hundred on 
top and then one hundred there (points at front of image) and there is 
say 1,2,3,4,5,6,7 blocks…so I think 
 
KIDMAP TRANSCRIPTS 
503 
Table FF.15. Transcript from Student 328’s Interview 
Year Six Male 
PVAT Stage Four 
Item Classification Interview Transcript 
66B 
5 hundreds and 
59 tens and 10 
ones 
Harder Not 
Achieved 
 
(pause 12 seconds) I think 1100. 
69B 
Base Seven 
Blocks 
Harder Not 
Achieved 
 
(Pause )Um I think 108. Well I thought because there was 16 on the 
square block and on the outside there…actually I think it might be 
140..becuase it was 16..well I don’t think the 1 block and the four block 
are represented. Um 16 times…well on the outside there is 6 blocks so 
16X6 that equals…96… and then…(pause ) I think I’ll leave it 
65B 
14 235 000m is 
how many km? 
Harder Not 
Achieved 
Ah ok… (pause 6:56) I went 112 350km long. Um Well 1km is 
1000m. The first number I worked with was 1 million. No... the first 
number I worked with was the 1 and that represents 1 million. Ten 
km=  ten thousand metres. So 10km equals 10000km. would be 
100,000km times that by ten would equal one million kilometres. Ah I 
think it should be 142350km. Ok I’m going to leave it… 
68B 
10 X 23 406 
Harder Not 
Achieved 
 
230 460 
20 000 x 10 = 200 000 30 000 x10= (pause) 
No 3 000 x 10= 30 000 so put that in the tens of thousands place 
No actually I think its 234 000… 
So its 234 060 
How did you work it out? 
Yep you add a zero to the end of the number when you multiply by 
ten. 
62B 
50 000 ÷ 10 =  
Easier Not 
achieved 
Is 5. No 5000. Because 5 times 10 equals 50 so it’s the same for this 
because it’s just got more numbers in it. So 50 000 divided by ten I’m 
guessing 5000 cause if you had 50 000… well 5000 times ten would 
equal 50 000. So you’re just mixing the numbers so there are just 
different numbers so whatever number is not in the question has to be 
the answer cause you are just rotating numbers. 
So explain to me what you did? 
Yep that’s right I just took a zero away from the end 
Why do you do that? 
Umm... I just do it because it works and because that’s what my 
teacher told me to do 
53B 10 x 4 040 Easier not 
achieved 
 
I think maybe 40 thousand and 400. 
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40B 
45 000g=  __kg 
Easier not 
achieved 
 
45kg. it says 1000g= 1kg so I just thought 1000 times… well maybe 
you take off the three zeros and put the 45..cause I think…well cause 
1000g= 1kg. So that means 45000g would be 45 kg cause the three 
zeros they wouldn’t represent anything. 
23B 
Base ten blocks 
non-canonical 
Easier not 
achieved 
 
(Pause 33 seconds) 425 
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APPENDIX GG 
Teachers Classification of PVAT Items in Teacher Focus 
Group Meeting at School A 
    
Estimating Representing/Making Ordering Renaming 
TEACHERS CLASSIFICAT ION OF PVAT ITEMS IN TEACHER FOCUS GROUP 
MEETING AT SCHOOL A 
506 
   
 
Calculating Reading, Writing and 
Interpreting 
Counting  
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APPENDIX HH 
Teacher Focus Group Examples of  
Student Errors for Discussion 
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APPENDIX II 
Sample of Class Data Presented to Teachers in School A 
Teacher Focus Group Meeting 
Date Of Birth Year PVAT Score 
xx/xx/xxxx 5 10.2 
xx/xx/xxxx 5 10.28 
xx/xx/xxxx 5 10.28 
xx/xx/xxxx 5 10.78 
xx/xx/xxxx 5 11.02 
xx/xx/xxxx 5 11.76 
xx/xx/xxxx 5 12.02 
xx/xx/xxxx 6 12.02 
xx/xx/xxxx 5 12.78 
xx/xx/xxxx 6 13.6 
xx/xx/xxxx 6 13.6 
xx/xx/xxxx 5 13.94 
xx/xx/xxxx 5 14.24 
xx/xx/xxxx 6 14.48 
xx/xx/xxxx 6 14.88 
xx/xx/xxxx 6 14.88 
xx/xx/xxxx 6 15.14 
xx/xx/xxxx 6 15.48 
xx/xx/xxxx 5 15.48 
xx/xx/xxxx 5 15.6 
xx/xx/xxxx 6 17.5 
xx/xx/xxxx 6 19.04 
xx/xx/xxxx 6 19.04 
 
Year Five Female 
Year Five Male 
Year Six Female 
Year Six Male 
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APPENDIX JJ 
PVAT Items Ordered According to Item Difficulty 
Item Content (colour coded by place value aspect) Item Difficulty Logit Difference 
how many ones block in23 -4.02 0 
how many oenes in 17 -4.02 0.01 
100 MAB block -4.01 0.71 
write in numbers seventy five -3.3 0.75 
before 110 -2.55 0 
7+10 -2.55 0 
40 hundreds take away one hundred -2.55 0.82 
what number is ten more than 31 -1.73 0.12 
how many thousand block in 10000 -1.61 0 
which number has 4 tens -1.61 0 
50 ones are the same as __ tens -1.61 0 
circle largest number 34011,34101,34001 -1.61 0.13 
30+200+40000 -1.48 0 
3 hundred, 4 tens, 5 ones is the same as ___ones -1.48 0.23 
which number is between 150 and 200 -1.25 0.16 
3 thousands + 4 thousands -1.09 0.04 
45 non canonical -1.05 0.09 
Jill says block is 600 -0.96 0 
estimate dots -0.96 0 
5 tens and 6 ones is the same as __ones -0.96 0.09 
one hundred less than 3927 -0.87 0.03 
what number is after 64399 -0.84 0.28 
order number to millions -0.56 0.13 
200 + 5 tens -0.43 0.13 
30/10=  -0.3 0.06 
1 hundred, 6 tens, 7 ones is same as __ ones -0.24 0.06 
how many tens in 89 -0.18 0 
3 ones and 5 tens is the same as ___ -0.18 0.04 
425 (non-canonical representation) -0.14 0.13 
PVAT ITEMS ORDERED ACCORDING TO ITEM DIFFICULTY 
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Item Content (colour coded by place value aspect) Item Difficulty Logit Difference 
round 5983 to the nearest 1000 -0.01 0.06 
write in words 54087 0.05 0.15 
1000/100 0.2 0.07 
place value chard  tens/ ones mixed 0.27 0.13 
45000g= ___kg 0.4 0.05 
number ten more than 3791 0.45 0.09 
60 tens= ___ hundreds 0.54 0 
1 hundred, 6 tens, 7 ones is the same as __tens__ones 0.54 0.09 
1215 coloured counters 0.63 0.17 
1 hundred, 6 tens, 7 ones is same as __ hundreds___ones 0.8 0.21 
6 hundred, 8 tens, 4 ones is the  same as ___hundreds__ones 1.01 0 
hundreds in $15000 1.01 0.12 
6 boxes of lifesavers and 5 packets 1.13 0 
round 3 798 to nearest 1000 1.13 0.14 
what does the 2 represent in 251400 1.27 0.02 
10X300 1.29 0.2 
Carly’s subtraction 1.49 0.04 
6 boxes 11 packets 1.53 0 
round 4 567 to nearest 100 1.53 0 
round 3 798 to nearest ten 1.53 0 
round 6 796 to nearest 10 1.53 0 
180 hundreds is less than  1800 T/F 1.53 0.12 
calculate 40 031-40 000 1.65 0.11 
how many thousands in 324567 1.76 0.04 
how many tens in 387 1.8 0.04 
write in numbers : four hundred thousand and seventy three 1.84 0 
write in numbers: 3 100 075 1.84 0.25 
what number do counters represent 12B, 12Y 12R 2.09 0.03 
5 000/1 000=  2.12 0.12 
what number is one thousand two hundred more than 99865 2.24 0.24 
what number is ten thousand more than 795 483 2.48 0.09 
19,138,257,376 2.57 0 
calculate- multiply number on scree by ten 8095 2.57 0.04 
78 hundreds? 2.61 0.17 
50000/10 2.78 0.05 
Ken travels 1000km how many metres? 2.83 0 
5 hundreds and 59 tens and 10 ones 2.83 0.09 
base 4 2.92 0 
how many hundreds in 6598 2.92 0 
number line 0-1mill marked lines 2.92 0.54 
PVAT ITEMS ORDERED ACCORDING TO ITEM DIFFICULTY 
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Item Content (colour coded by place value aspect) Item Difficulty Logit Difference 
what number is ten times smaller than 400 3.46 0.23 
A road is 14 000 000 metres how many km? 3.69 1.78 
base 7 items 5.47 0 
number line 30 070 and 30 170 5.47 
  
 
Colour Key 
Calculate 
Compare/Order 
Count 
Make/Represent 
Name/Record 
Rename 
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APPENDIX KK 
Set Two, Three and Four of PVAT Item Content with 
Highlighted Themes 
Set Two Aspect 
Can flexibly apply composite unit terms such as “tens” and “hundreds” in addition 
problems (renaming required) For example 2 hundreds plus 5 tens. May be applying 
place value knowledge to correctly complete division equation involving 10.  
Calculate 
Students can order numbers up to 7-digits with internal zeros in ascending order. Can 
identify a number which lies between two 3-digit numbers 
Compare/Order 
Can identify the number one hundred less than a 4-digit number, no bridging required. 
Can count backwards in tens from a 3-digit number, bridging over centuple required. 
Count 
Students are able to identify the value of a 3-digit number non-canonically represented 
using base ten materials. Students are able to use non-proportional and proportional 
materials to canonically represent numbers up to 10 000. Students are able to confirm 
the value of a base-ten thousands block when challenged with a common 
misconception relating to its value.  
Make/Represent 
Can write a 5-digit number including internal zeros in words. Can round 4-digit 
numbers to the nearest thousand 
Name/Record 
Combine tens and ones number into equivalent representation using only ones. Identify 
the number of tens in a two-digit number. Rename 3-digit number in equivalent 
representation using only ones. Convert 5-digit mass measured in grams to kilograms. 
Rename 
 
SET TWO, THREE AND FOUR OF PVAT ITEM CONTENT WITH HIGHLIGHTED THEMES 
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Set Three  
May be applying knowledge of place value to correctly complete division problems 
involving 10, 100 and 1000 with numbers up to 4-digit. May be applying knowledge of 
place value to correctly complete multiplication problems involving with numbers up 
to 3-digits for example 10 x 300. Can flexible apply composite unit terms such as 
“hundreds” in subtraction problems (no renaming required) For example 40 hundreds 
take away 1 hundred 
Calculate 
Can determine the value of a number which is described using composite units and 
compare this with 4-digit number in standard form. For example 180 hundreds 
compared to 180. 
Compare/Order 
Can identify the number ten more than a 4-digit number, bridging over the centuple 
required. Can identify the number one hundred less than a four-digit number when 
bridging over thousands required. 
Count 
Students are able to use proportional and non-proportional materials to represent 
and identify non-canonical representations of numbers up to 1 000.  
Make/Represent 
Can round a four-digit number to the nearest ten and hundred. Can write a 6-digit 
number with internal zeros. Can identify the value of a digit in a 6-digit number 
Name/Record 
Determine 2-digit number represented on a place value chart with non-canonical 
number in the ones column. Number of ones in a two-digit number. Number of tens in a 
3-digit number. Rename 3-digit number in equivalent representation using only tens 
and ones. Rename 3-digit number in equivalent representation using only hundreds 
and ones. Convert tens number into equivalent representation using only hundreds. 
Identify number of thousands in a 6-digit number, standard partition only. 
Rename 
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Set Four  
May be applying knowledge of place value to solve multiplication problems involving 
10 with 4 and 5-digit numbers. For example 10 x 4040. May be applying knowledge of 
place value to solve division problems involving 10 with 5-digit numbers. For 
example 50 000 divided by 10. 
Calculate 
Students can accurately identify a missing 5-digit number on a number line with a 
non-zero starting point where increments are marked. Students can accurately 
identify a missing 6-digit number on a number line with a zero starting point, where 
increments are marked. Students can use multiplicative comparison to identify a 
number which is ten times smaller than a 3-digit number. 
Compare/Order 
May use knowledge of counting in place value parts to identify a pattern involving 3-
digit numbers. Identify one less than a 6-digit number, bridging over thousand and 
ten thousands required. Identify ten thousand more than a 6 digit number, bridging 
over tens of thousands required. Can co-ordinate counting by 2 place value 
groupings (thousands and hundreds) with a 5-digit number. Bridging over hundred-
thousands required. 
Count 
Students are able to interpret a non-proportional model used in a non-canonical manner 
to represent a number beyond 1000. Students are able to identify the value of materials 
representing numbers in non-decimal bases. 
Make/Represent 
Identify an equivalent representation of a number using hundreds. For example 78 
hundreds. Identify how many hundreds in a 4-digit number, non-standard partition. 
For example 6 598. Use knowledge of place value to determine how many hundred 
dollar notes make up a 5-digit dollar amount. Identify an equivalent representation of a 
number using several non-standard number descriptions. Convert a 8-digit distance in 
metres to kilometres 
Rename 
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APPENDIX LL 
Logit Tables for Form A and B in Trial #1 and #2 
 
 Logit Range and raw scores for each Stage in Trial #1 and Trial #2 Form A and B 
Stage  
Trial #1 Final 
Form A (n = 61) 
Trial #2 Final 
Form B (n = 50) 
Trial #1 final 
Form B (n = 50) 
Trial #2 Final Form 
A(n = 49) 
1 Raw Score 1 to 20 1 to 14 1 to 13 1 to 11 
 Logit Range to -1.43 to -1.41 to -1.39 to -1.35 
2 Raw Score 21-31 15 to 25 14-22 12 to 19 
 Logit Range -1.43 to 0.05 -1.41 to 0.02 -1.39 to 0 -1.35 to 0.02 
3 Raw Score 32 to 44 26 to 39 23 to 36 20 to 31 
 Logit Range 0.05 to 1.88 0.02 to 1.86 0 to 1.86 0.02 to 1.74 
4 Raw Score 45 to 61 40 to 50 36 to 50 32 to 49 
 Logit Range 1.88+ 1.59+ 1.86+ 1.74+ 
 
 
 
Trial #1 Form A Logit Table 
 
Raw score Estimate 
(logits) 
Error Scaled Score Minus error Scaled Score Plus error 
S
ta
g
e 
F
o
u
r 
60 6.97 1.17 5.8 8.14 
59 5.91 0.91 5 6.82 
58 5.21 0.77 4.44 5.98 
57 4.69 0.67 4.02 5.36 
56 4.28 0.6 3.68 4.88 
55 3.95 0.55 3.4 4.5 
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54 3.67 0.52 3.15 4.19 
53 3.42 0.49 2.93 3.91 
52 3.19 0.46 2.73 3.65 
51 2.98 0.45 2.53 3.43 
50 2.79 0.43 2.36 3.22 
49 2.61 0.42 2.19 3.03 
48 2.44 0.41 2.03 2.85 
47 2.27 0.4 1.87 2.67 
46 2.12 0.39 1.73 2.51 
45 1.96 0.39 1.57 2.35 
S
ta
g
e 
T
h
re
e 
44 1.81 0.38 1.43 2.19 
43 1.67 0.38 1.29 2.05 
42 1.52 0.38 1.14 1.9 
41 1.38 0.37 1.01 1.75 
40 1.25 0.37 0.88 1.62 
39 1.11 0.37 0.74 1.48 
38 0.97 0.37 0.6 1.34 
37 0.84 0.37 0.47 1.21 
36 0.71 0.36 0.35 1.07 
35 0.57 0.36 0.21 0.93 
34 0.44 0.36 0.08 0.8 
33 0.31 0.36 -0.05 0.67 
32 0.18 0.36 -0.18 0.54 
S
ta
g
e 
T
w
o
 
31 0.05 0.36 -0.31 0.41 
30 -0.08 0.36 -0.44 0.28 
29 -0.21 0.36 -0.57 0.15 
28 -0.34 0.36 -0.7 0.02 
27 -0.48 0.36 -0.84 -0.12 
26 -0.61 0.36 -0.97 -0.25 
25 -0.74 0.37 -1.11 -0.37 
24 -0.88 0.37 -1.25 -0.51 
23 -1.01 0.37 -1.38 -0.64 
22 -1.15 0.37 -1.52 -0.78 
21 -1.29 0.38 -1.67 -0.91 
S
ta
g
e 
O
n
e 
20 -1.43 0.38 -1.81 -1.05 
19 -1.58 0.38 -1.96 -1.2 
18 -1.73 0.39 -2.12 -1.34 
17 -1.88 0.39 -2.27 -1.49 
16 -2.04 0.4 -2.44 -1.64 
15 -2.2 0.4 -2.6 -1.8 
14 -2.36 0.41 -2.77 -1.95 
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13 -2.54 0.42 -2.96 -2.12 
12 -2.72 0.43 -3.15 -2.29 
11 -2.9 0.44 -3.34 -2.46 
10 -3.1 0.45 -3.55 -2.65 
9 -3.31 0.46 -3.77 -2.85 
8 -3.53 0.48 -4.01 -3.05 
7 -3.77 0.5 -4.27 -3.27 
6 -4.02 0.52 -4.54 -3.5 
5 -4.31 0.55 -4.86 -3.76 
4 -4.63 0.59 -5.22 -4.04 
3 -5.02 0.66 -5.68 -4.36 
2 -5.53 0.77 -6.3 -4.76 
1 -6.32 1.05 -7.37 -5.27 
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Trial #1 Form B Logit Table 
 
Raw score Estimate 
(logits) 
Error Scaled Score Minus error Scaled Score plus error 
S
ta
g
e 
F
o
u
r 
49 5.66 1.06 4.6 6.72 
48 4.84 0.79 4.05 5.63 
47 4.32 0.67 3.65 4.99 
46 3.92 0.59 3.33 4.51 
45 3.6 0.54 3.06 4.14 
44 3.33 0.5 2.83 3.83 
43 3.09 0.48 2.61 3.57 
42 2.88 0.45 2.43 3.33 
41 2.68 0.43 2.25 3.11 
40 2.5 0.42 2.08 2.92 
39 2.33 0.41 1.92 2.74 
38 2.16 0.4 1.76 2.56 
37 2.01 0.39 1.62 2.4 
S
ta
g
e 
T
h
re
e 
36 1.86 0.38 1.48 2.24 
35 1.72 0.38 1.34 2.1 
34 1.58 0.37 1.21 1.95 
33 1.44 0.37 1.07 1.81 
32 1.31 0.36 0.95 1.67 
31 1.17 0.36 0.81 1.53 
30 1.04 0.36 0.68 1.4 
29 0.91 0.36 0.55 1.27 
28 0.79 0.36 0.43 1.15 
27 0.66 0.36 0.3 1.02 
26 0.53 0.36 0.17 0.89 
25 0.4 0.36 0.04 0.76 
24 0.27 0.36 -0.09 0.63 
23 0.14 0.36 -0.22 0.5 
S
ta
g
e 
T
w
o
 
22 0 0.37 -0.37 0.37 
21 -0.13 0.37 -0.5 0.24 
20 -0.27 0.37 -0.64 0.1 
19 -0.41 0.38 -0.79 -0.03 
18 -0.56 0.39 -0.95 -0.17 
17 -0.71 0.39 -1.1 -0.32 
16 -0.87 0.4 -1.27 -0.47 
15 -1.03 0.41 -1.44 -0.62 
14 -1.21 0.42 -1.63 -0.79 
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S
ta
g
e 
O
n
e 
13 -1.39 0.43 -1.82 -0.96 
12 -1.58 0.45 -2.03 -1.13 
11 -1.79 0.46 -2.25 -1.33 
10 -2.01 0.48 -2.49 -1.53 
9 -2.24 0.5 -2.74 -1.74 
8 -2.5 0.52 -3.02 -1.98 
7 -2.78 0.54 -3.32 -2.24 
6 -3.1 0.57 -3.67 -2.53 
5 -3.44 0.61 -4.05 -2.83 
4 -3.84 0.65 -4.49 -3.19 
3 -4.3 0.71 -5.01 -3.59 
2 -4.88 0.82 -5.7 -4.06 
1 -5.75 1.08 -6.83 -4.67 
 
 
 
 Trial #2 Form A Logit Table 
 
Raw score Estimate 
(logits) 
Error Scaled Score Minus error Scaled Score plus error 
S
ta
g
e 
F
o
u
r 
48 6.98 1.17 5.81 8.15 
47 5.94 0.91 5.03 6.85 
46 5.24 0.77 4.47 6.01 
45 4.73 0.67 4.06 5.4 
44 4.33 0.6 3.73 4.93 
43 4 0.55 3.45 4.55 
42 3.71 0.51 3.2 4.22 
41 3.47 0.48 2.99 3.95 
40 3.24 0.46 2.78 3.7 
39 3.04 0.44 2.6 3.48 
38 2.85 0.43 2.42 3.28 
37 2.67 0.42 2.25 3.09 
36 2.5 0.41 2.09 2.91 
35 2.34 0.4 1.94 2.74 
34 2.18 0.39 1.79 2.57 
33 2.03 0.39 1.64 2.42 
32 1.88 0.38 1.5 2.26 
S
ta
g
e 
T
h
re
e 
31 1.74 0.38 1.36 2.12 
30 1.59 0.38 1.21 1.97 
29 1.45 0.38 1.07 1.83 
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28 1.31 0.37 0.94 1.68 
27 1.17 0.37 0.8 1.54 
26 1.03 0.37 0.66 1.4 
25 0.89 0.37 0.52 1.26 
24 0.75 0.38 0.37 1.13 
23 0.61 0.38 0.23 0.99 
22 0.46 0.38 0.08 0.84 
21 0.32 0.38 -0.06 0.7 
20 0.17 0.39 -0.22 0.56 
S
ta
g
e 
T
w
o
 
19 0.02 0.39 -0.37 0.41 
18 -0.13 0.39 -0.52 0.26 
17 -0.29 0.4 -0.69 0.11 
16 -0.45 0.4 -0.85 -0.05 
15 -0.62 0.41 -1.03 -0.21 
14 -0.79 0.42 -1.21 -0.37 
13 -0.97 0.43 -1.4 -0.54 
12 
 
-1.15 0.44 -1.59 -0.71 
S
ta
g
e 
O
n
e 
11 -1.35 0.45 -1.8 -0.9 
10 -1.56 0.46 -2.02 -1.1 
9 -1.78 0.48 -2.26 -1.3 
8 -2.02 0.5 -2.52 -1.52 
7 -2.27 0.52 -2.79 -1.75 
6 -2.56 0.55 -3.11 -2.01 
5 -2.87 0.58 -3.45 -2.29 
4 -3.23 0.62 -3.85 -2.61 
3 -3.66 0.69 -4.35 -2.97 
2 -4.2 0.8 -5 -3.4 
1 -5.04 1.07 -6.11 -3.97 
 
 Trial #2 Form B Logit Table 
 
Raw score Estimate 
(logits) 
Error Scaled Score minus error Scaled Score plus 
error 
S
ta
g
e 
F
o
u
r 
49 4.92 1.03 3.89 5.95 
48 4.16 0.75 3.41 4.91 
47 3.68 0.63 3.05 4.31 
46 3.33 0.56 2.77 3.89 
45 3.04 0.52 2.52 3.56 
44 2.8 0.48 2.32 3.28 
43 2.58 0.46 2.12 3.04 
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42 2.38 0.44 1.94 2.82 
41 2.19 0.42 1.77 2.61 
40 2.02 0.41 1.61 2.43 
S
ta
g
e 
T
h
re
e 
39 1.86 0.4 1.46 2.26 
38 1.71 0.39 1.32 2.1 
37 1.56 0.38 1.18 1.94 
36 1.42 0.37 1.05 1.79 
35 1.28 0.37 0.91 1.65 
34 1.14 0.36 0.78 1.5 
33 1.01 0.36 0.65 1.37 
32 0.88 0.36 0.52 1.24 
31 0.76 0.36 0.4 1.12 
30 0.63 0.35 0.28 0.98 
29 0.51 0.35 0.16 0.86 
28 0.38 0.35 0.03 0.73 
27 0.26 0.35 -0.09 0.61 
26 0.14 0.35 -0.21 
 
0.49 
S
ta
g
e 
T
w
o
 
25 0.02 0.35 -0.33 0.37 
24 -0.11 0.35 -0.46 0.24 
23 -0.23 0.35 -0.58 0.12 
22 -0.35 0.35 -0.7 0 
21 -0.48 0.35 -0.83 -0.13 
20 -0.6 0.36 -0.96 -0.24 
19 -0.73 0.36 -1.09 -0.37 
18 -0.86 0.36 -1.22 -0.5 
17 -0.99 0.36 -1.35 -0.63 
16 -1.13 0.37 -1.5 -0.76 
15 -1.26 0.37 -1.63 -0.89 
S
ta
g
e 
O
n
e 
14 -1.41 0.38 -1.79 -1.03 
13 -1.55 0.39 -1.94 -1.16 
12 -1.7 0.39 -2.09 -1.31 
11 -1.86 0.4 -2.26 -1.46 
10 -2.03 0.41 -2.44 -1.62 
9 -2.2 0.43 -2.63 -1.77 
8 -2.39 0.44 -2.83 -1.95 
7 -2.59 0.46 -3.05 -2.13 
6 -2.82 0.49 -3.31 -2.33 
5 -3.07 0.52 -3.59 -2.55 
4 -3.36 0.57 -3.93 -2.79 
3 -3.72 0.63 -4.35 -3.09 
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2 -4.2 0.75 -4.95 -3.45 
1 -4.96 1.03 -5.99 -3.93 
 
523 
APPENDIX MM 
Item Person Maps from Trial #1 and Trial #2 
 
Figure MM.1. Final Form A (no anchoring) Trial #1 
ITEM PERSON MAPS FROM TRIAL #1 AND TRIAL #2 
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Figure MM.2. Final Form B (no anchoring) Trial #1 
ITEM PERSON MAPS FROM TRIAL #1 AND TRIAL #2 
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Figure MM.3. Final Form A (no anchoring) Trial #2 
ITEM PERSON MAPS FROM TRIAL #1 AND TRIAL #2 
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Figure MM.4. Final Form B (no anchoring) Trial #2 
ITEM PERSON MAPS FROM TRIAL #1 AND TRIAL #2 
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Figure MM.5. Final Form B Trial #1 (using Final Form A Trial #1 anchoring) 
ITEM PERSON MAPS FROM TRIAL #1 AND TRIAL #2 
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Figure MM.6. Final Form A Trial #2 (using Final Form A Trial #1 anchoring) 
ITEM PERSON MAPS FROM TRIAL #1 AND TRIAL #2 
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Figure MM.7. Final Form B Trial #2 (using Final Form A Trial #1 anchoring) 
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APPENDIX NN 
Student Improvement of Group One and Group Two 
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APPENDIX OO 
Student Improvement in Years 3 to 6 
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APPENDIX PP 
Table of Mean Student Achievement Data from Years 2 to 
6 in Trial #2 
 
 Trial #2 Mean of Student Achievement scores (Logit) Standard Deviation 
Year 2 (n = 72) -0.51 1.38 
Year 3 (n =  60) 0.88 1.66 
Year 4 (n = 67) 1.46 1.50 
Year 5 (n = 59) 2.06 1.32 
Year 6 (n = 41) 3.02 1.32 
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APPENDIX QQ 
Mean Improvement of Students on PVAT 
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APPENDIX RR 
Mean Achievement of Males and Females in Years 3 to 6 in 
Trial #1 and Trial #2 
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APPENDIX SS 
PVAT-O Item Analysis 
The Table below presents the surviving items from Run C, their respective PVAT and PVAT-
O item difficulty thresholds and the difference between these values. The items which were 
found to have substantively different item difficulty thresholds values are highlighted. Items 
which were 1.00 logit larger or smaller than their corresponding item on the alternate test 
mode were considered to have a substantively different item difficulty threshold. The table 
shows the nine items which were found to have substantively different item difficulties. Items 
which had a positive value for their item difference were found to be ‘more difficult’ in the 
PVAT-O mode, while those with a negative value were ‘easier’ in the PVAT-O mode. 
Items labelled “n/a” in either the PVAT or PVAT-O item difficulty threshold column did not 
fit the Rasch model in that mode. For example, Item 11p fit the model in the PVAT mode, 
however it did not fit when in was presented in the PVAT-O mode. 
Table SS.1. The difference between corresponding PVAT- O and PVAT item difficulty 
thresholds  
Item PVAT Item Difficulty PVAT-O Item Difficulty Difference 
4o -4.04 -2.29 1.75 
9o -4.36 -2.67 1.69 
10o -4.36 -3.19 1.17 
13o -4.04 -2.9 1.14 
3o -3.79 -2.67 1.12 
17o -2.43 -1.35 1.08 
35o 0.56 1.59 1.03 
6o -4.36 -3.36 1.0 
55o 2 2.8 0.8 
20o -1.18 -0.45 0.73 
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Item PVAT Item Difficulty PVAT-O Item Difficulty Difference 
1o -4.8 -4.1 0.7 
36o 0.77 1.45 0.68 
18o -2.18 -1.56 0.62 
28o -1.04 -0.48 0.56 
38o -0.75 -0.27 0.48 
47o 0.47 0.95 0.48 
2o -2.34 -1.86 0.48 
43o 1.52 1.96 0.44 
48o 0.53 0.92 0.39 
21o -1.89 -1.5 0.39 
51o 1.67 2.05 0.38 
67o 3.23 3.61 0.38 
14o -3.39 -3.04 0.35 
32o -1.27 -0.94 0.33 
76o 2.53 2.83 0.3 
61o 2.5 2.8 0.3 
56o 1.73 2.02 0.29 
7o -4.36 -4.1 0.26 
26o -0.41 -0.17 0.24 
70o 2 2.23 0.23 
63o 1.35 1.51 0.16 
23o -1.38 -1.25 0.13 
69o 3.67 3.7 0.03 
49o 1.03 1.06 0.03 
44o 1.29 1.31 0.02 
64o 1.52 1.54 0.02 
46o 0.56 0.56 0 
34o 0.26 0.2 -0.06 
58o 1.21 1.15 -0.06 
30o -0.71 -0.78 -0.07 
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Item PVAT Item Difficulty PVAT-O Item Difficulty Difference 
42o 1.21 1.12 -0.09 
52o 1.55 1.45 -0.1 
72o 3.38 3.26 -0.12 
73o 4.44 4.32 -0.12 
75o 3.04 2.87 -0.17 
24o -1.13 -1.3 -0.17 
62o 2.4 2.2 -0.2 
31o -1.53 -1.79 -0.26 
60o 1.97 1.71 -0.26 
5o -3.09 -3.36 -0.27 
71o 4.28 4.01 -0.27 
16o -2.1 -2.38 -0.28 
53o 2.06 1.73 -0.33 
77o 4.73 4.27 -0.46 
65o 2.94 2.47 -0.47 
78o 3.42 2.8 -0.62 
37o -0.3 -1.5 -1.2 
11p -4.36 n/a  
12p -3.23 n/a  
19p -0.67 n/a  
25p -0.2 n/a  
27p -0.52 n/a  
33o n/a -0.7  
45p 1.06 n/a  
50o n/a 1.37  
54p 0.29 n/a  
59o n/a 1.04  
74p 3.01 n/a  
 
It can be seen that items 3o, 4o, 6o, 9o, 10o, 13o, 17o and 35o were ‘more difficult’ in the 
PVAT-O mode, while item 37o was ‘easier’ for students in the PVAT-O mode. Eight items 
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(11p, 12p, 19p, 25p, 27p, 45p, 54p, 74p) survived the PVAT mode but did not fit the Rasch 
model when presented in the PVAT-O mode. Three items (33o, 50o, 59o) survived when they 
were presented in the PVAT-O mode but not in the PVAT mode. 
These results suggest that while the overall test difficulties of the PVAT and PVAT-O were 
comparable, at an item level there were substantive differences noted in the behaviour of 
several items. A DIF analysis of this data would provide valuable information to further this 
investigation. 
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APPENDIX TT 
Mean Student Achievement of Audio Assist Users and 
‘others’ on PVAT 
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APPENDIX UU 
Students’ Preferred Mode of Testing According to Year 
Level and Gender 
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APPENDIX VV 
Items Within Each Aspect and Stage in Final Form B Trial 
#1 
 
ITEMS WITHIN EACH ASPECT AND STAGE IN FINAL FORM B TRIAL #1  
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A content analysis of the items shown in Final Form B (above) was conducted in order to 
summarise the number of items within each aspect of place value according to their stage (see 
Table AJ1). 
Table VV.1. Number of PVAT Items in each aspect of place value according to their stage 
(Final Form B) 
Stage Count Compare/Order Represent Name/Record Rename Calculate Total 
1 2 1 1 2 0 0 6 
2 3 0 3 2 2 4 14 
3 1 1 2 4 5 3 16 
4 3 1 2 0 4 3 13 
Total 9 3 8 8 11 10 49 
 
The table above shows that there is a similar total number of items at each stage, except for 
Stage One, which has only six items (highlighted in orange). This suggests that more items 
need to be trialled to ensure there is enough items to accurately assess the level of 
achievement of students at this stage. 
Within each aspect there is a similar spread of items across the stages, with most aspects 
having at least two items per stage. However, several aspects do not have this amount of items 
(highlighted in yellow). Clearly, the rename and calculate aspects require more items at Stage 
One, while Name/Record requires more items at Stage Four and more compare/order items 
are required across all stages. It is important to note that this may be related to the relative 
difficulties of each aspect of place value. For example, students at Stage Four appear to have 
mastered all the skills necessary to answer even the most complex the name/record items, 
thus no items addressing this content appear at Stage Four. 
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APPENDIX WW 
Final Form A Item-person map  
Coloured-coded by Number Size 
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APPENDIX XX 
Final Form B Item-person map 
Coloured-coded by Number Size 
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APPENDIX YY 
Transcripts from Students in 2010 to 2012 
 
Student ID 328 
Item 2010 2012 Change Noted 
10 x 4 040=  
(Item 11) 
4 440. I added another 
4 in the hundreds 
because 10 x 40 is 
400. 
I think maybe 40 thousand and 
400. 
Fluent now, developed 
appreciation of composite 
units. 
10 x 23 406 
(Item 13) 
2 223 860. I added a 
zero on the end, cause 
it was times by 
ten…I’m not sure I’m 
right though with the 
other numbers…it is 
really big. 
234 060. 20 000 times 10 
equals 200 000, and 3 000 
times 10 equals 30 000. So put 
down the tens of thousands 
place. Because it would 
be…actually…400 times 10 
equals 4000, so 234 060. Cause 
6 times 10 equals 60, and the 
zero just goes up a place and 
the 6 would be in the tens place 
and the zero is at the end cause 
if it wasn’t there it would be 23 
406 so its 234 060. 
Took a while to get answer 
out, breaks each part down 
and multiplies by ten. Sound 
strategy but inefficient. 
What number is one 
less than 801, 000 
(Item 3) 
799,999. One less 
than 800 is 799 so I 
wrote 799 then 999 
cause you took away 
the one 
800 thousand and 999. Has now learnt to bridge 
flexibly when counting. 
 
TRANSCRIPTS FROM STUDENTS IN 2010 TO 2012 
546 
Student ID 323 
Item 2010 2012 Change Noted 
60 tens=  __hundreds 
(Item 23) 
600. 6 tens times one 
hundred equals 600 
6 hundreds. Still able to recognise 
composite units in this situation. 
1000 ÷ 100=  
(Item 9) 
100. I know that 100 
times 100 is a thousand 
so its 100. 
10. Cause 10 times 
100 is 1 000. 
This time is able to recall 
accurately relationship between 
place value parts.  
5 hundreds + 59 tens + 
10 ones=  
(Item 27) 
1019. 500 plus 59 tens. 
59 tens equals 509 so 
another 10 is 1019 
1100. 
How did you work that 
out? 
Cause 5 hundreds and 
then 59 tens say fifty 
tens is 500 so that’s 
wait… yeah so then 50 
tens and five hundreds 
is basically the 
same…is one 
thousand. Then 1090 
plus ten ones is 1100. 
Now able to correctly and 
flexibly relate composite units 
of different sizes.  
78 hundreds=  
(item 25) 
70 hundreds equals 
7000 and 8 hundreds 
equals 800 so 7800. 
(correct) 
780… wait no…7 800.  Still correct, able to work with 
composite units flexibly. 
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Student ID: 310 
Item 2010 2012 Change Noted 
10 x 42=  
(Item 8) 
I added a zero on the end 
so 420 
When you times 
something by ten you 
add not add you do the 
power of ten. So you 
add the 
zero…argh…you…ar
gh… I’ll do it the long 
way you half both and 
you do 5 times 21… 
oh no that doesn’t 
look right… I’m not 
sure...I don’t know 
what to do.  
Was using rote-learned rule to 
multiply but now when trying 
to apply conceptual thinking, 
becomes confused. 
6 boxes and 5 packets 
(Item 17) 
6 packets times ten is 60 
and then 5 more is 65. 
6 hundreds is 600 and 
then 50 is 650. 
Can now recognise 6 composite 
units of 1 hundred is 600. 
5 hundreds + 59 tens + 
10 ones=  
(item 27) 
2 000. 5 hundreds plus 
59 tens which is 590 plus 
ten equals 2 000. 
(Pause 6 seconds) 
1000… um yep 2000. 
So that’s 500 
(pointing to text 
saying 5 hundreds). 
That (pointing to text 
saying 59 tens) equals 
590. That (pointing to 
text saying 10 ones) 
equals ten. Add 
altogether 1 100… the 
answer would be. 
Is now able to flexibly co-
ordinate different sized 
composite units. 
10 x 23 010=  
(Item 13) 
234 060. I put the zero 
on the end. 
That’s a hard one… it 
something to do with 
the power of ten. 
So...it’s ten times… so 
you break it down into 
parts… no that doesn’t 
work…it’s too big. So 
if you times ten 
by…um I think I’ll 
leave this one. 
Again, cannot remember the 
‘rule’ and does not possess the 
conceptual understanding to 
work out the answer an 
alternative way.  
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Student ID 166 
Item 2010 2012 Change Noted 
8 095 x 10=  (Item 12) 800 950. 5 times ten is 
50, 10 x 90 is 900, ten 
times 8000 is 8 hundred 
thousand. So its 800 950. 
80 950. In 2010 broke number 
down into place value 
parts. Now able to do this 
fluently without breaking 
number down. 
119,138, 257, 376, 
495, 614….. (Item 4) 
I can’t work out the 
pattern…it keeps 
changing. 
120…oh no yep so that 
would be… (Pause 15 
seconds) 763, 882, 
1021…I pretty sure it was 
counting by 
120...121…119 sorry... I 
was also dividing the 
numbers as I went up...I 
thought the numbers 
should be 3, 2 and 1 as the 
last numbers. I thought it 
was 119 so I counted and 
added that. 
In 2012 was able to identify 
pattern correctly, but did 
not apply this to work out 
the answer. 
How many hundreds 
in 6 598? (Item 26) 
500 equals 5 hundreds. 
6000 equals 60 hundreds 
so 60 plus 5 is 65 
65. Can now fluently recognise 
composite units within 
composite units. 
Place value chart (Item 
23) 
The number is 23 cause 
13 plus ten is 23 
23 Still able to rename 13 ones 
as 1 ten and 3 ones. 
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Student ID: 143 
Item 2010 2012 Change Noted 
178, 168, 158, 148, 
138 ….(Item 2) 
128, 118, 108, 100, 98. I 
am taking away the tens 
leaving the 8. 
128,118, one hundred 
and…..eight um [pause 11 
seconds] 98 [very quietly], 88 
[very quietly] 
Still not confident with 
bridging. Correct but not 
fluent. 
6 boxes and 5 
packets (Item 17) 
6 boxes each have 100 so 
that’s 600 and 50 is 650 
100,200,300,400,500,600. 10, 
20, 30, 40, 50… I think about 
650. 
Fluent counting, but not 
using multiplicative 
thinking to answer. 
10 x 23406 (Item 
13) 
I added a zero at the end 
cause I timesing by 10. I 
can’t read a number that 
big though. 
Um it is 900 000. So I did 10 
x 6 is 60 so I put the zero 
down, added the 6. Yeah next 
it would be ten times 40. Put 
the zero down and added the 
4 to the 3. So I was just put 
down zeros and it lead up to 
the last one. Then 10 x 7 
Which is 70 and put down the 
zero and add the 7. Then 10 x 
90 so I put that down as 9. So 
its 900 000.  
In 2010 correctly applied 
rote learned rule. By 2012 
did not use rule. Relied on 
algorithm. However very 
confused understanding of 
algorithm procedure led to 
incorrect answer. 
 
78 hundreds (Item 
25) 
7 800, 78 higher than the 
two zeros for the 
hundreds. 
7800, I just worked it out 
cause if its hundreds it has to 
have two zeros on the end so 
I just added two zeros. 
Still not displaying an 
understanding of 
composite units, relying of 
rote learned rule that 
‘hundreds have two zeros’ 
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Student ID 128 
Item 2010 2012 Change Noted 
178, 168, 158, 148, 
138 ….(Item 2) 
128,118,108,100,78. 128, 118, 108, 98, 88 Can now fluently bridge over 
centuple. 
30 ÷ 10=  (Item 6) 42. I remember doing a 
worksheet and that was the 
answer. 
Is it three? The number of tens in thirty in 
now a known fact. 
6 boxes and 5 
packets (Item 17) 
The boxes are hundreds and 
the packets are tens. So it’s 
650. 
6050. It says ten 
packets fit one box. So 
I counted those boxes 
and there is 60 
altogether and then 5 
packets there so that’s 
50 so that’s 6 050.  
Correct in 2010, but incorrect 
multiplication of 60 x 10 in 
2012.  
10 x 4040=  (Item 
11) 
4 400. You add a zero in 
the tens place.  
mmm… umm… 
(pause 25 seconds) not 
that sure. 
Relied on (incorrect) rote 
leaned rule in 2010, now not 
sure, perhaps as encountered 
problems with previous ‘rule’. 
10 x 300=  (Item 7) You add a zero in the tens 
place so its 3 000 
(Pause 33 seconds) 
umm. Not sure. 
As above 
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Student ID 112 
Item 2010 2012 Change Noted 
714 (Item 4) I can’t see a pattern I got 19 and 138 and 
the difference was 
119..then I pretended 
the 19 was a 20 cause 
that was easier to work 
with and I added 120 
and then took one away 
each time 
Has developed ability to co-
ordinate count of different 
composite units. Looking more 
closely at relationship between 
numbers and place value parts 
78 hundreds=  (Item 
25) 
Not 780 as it is a hundreds 
number so it will go into 
the thousands 7 800. 
7 800. Now very fluent with renaming 
displaying good understanding 
of composite units. 
245 counters (Item 
14) 
2 yellow that’s 200, 4 blue 
that’s 40 and 5 red. 
2 yellow, 4 blue and 5 
red. 
Fluent in manipulating non-
proportional models. 
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APPENDIX ZZ 
Complete List of PNI Responses from Teachers at School 
A 
 Positive Negative Interesting 
The PVAT 
test 
-provides examples of what 
‘interpreting’ place value means. 
-cohesive test with a combo of 
easy/medium/hard questions 
-breaks down PV into specific areas 
-broadens understanding of PV 
-broadens understanding of different 
areas of PV 
-comprehensive 
-great, very comprehensive 
-a more in depth approach to 
“interpreting” in PV 
-looks comprehensive 
-loved that children had to provide 
an answer, no chance of guessing 
-very informative, great variety of 
questions 
-good feedback 
-no corrections 
-unlike any other PV test I have seen 
-great variety of types of questions 
-very comprehensive, quality data 
provided 
-fantastic, looking forward to seeing 
end result 
-very good test that I would like to use 
-most informative, cleverly thought 
out 
-detailed, liked how there were many 
questions of the same “topic” which 
gives clearer indication of where 
children are 
-comprehensive variety of questions 
in PV 
-comprehensive look at PV, variety 
of questions 
-difficult to interpret 
-test difficult to read 
especially pics 
-time aspects 
-test needs beautifying 
-colour would be easier to 
read 
-some questions were 
written strangely. 
-length 
-timing-last week of term 
-few missing due to last 
week of term 
-not in last week 
-time consuming to correct 
-reading may be an issue 
for some children 
-some questions may not 
be clear to children 
-some questions not 
immediately clear to 
children 
-only 3-6...P-2 would be 
great too 
-more complex ways to 
teach PV 
-makes us think about our 
teaching of PV and higher 
order thinking 
-scores 
-where the children came 
out 
-depth of understanding 
required in PV 
-places where you can go 
next, information in future 
schools might use 
- I will be able to use some 
of your ideas in year one 
-online version would be 
interesting 
-5/6P had lots of questions 
during the test 
-online 
-depth of questions 
-format 
-that there is not a 
comprehensive test out 
there 
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 Positive Negative Interesting 
-targeting one area 
The Data -able to track from 3-6 
-what I expected generally 
-matched expectations 
-interesting but not a great surprise 
-interesting to see children who go 
well or poorly 
-affirms my assessment 
-interesting 
-affirming, generally where I thought 
they were 
-great analysis of results 
-specific information on 
class/students 
-good to see class ranking 
-well presented 
-great feedback for teachers 
-chance to review certain children 
-very informative valuable data 
-good indication of where students 
are in PV 
-very informative 
-data was interesting 
- a few surprises 
-general- need to sort into 
aspects 
-what’s happening to our 
girls? 
-be good to see trends 
-need a break down of 
results 
-would like to see 
individual breakdown of 
items 
-Twins- which is which 
-some surprising results 
-good to know averages 
-raises questions about girls 
in maths 
-girls scores 
-some better than I expected 
-girls lower in PV 
Where girls sit is a bit sad 
-one big fright 
-would be great to use for 
tracking children when fully 
developed 
-girls vs boys data, 
differences in Year 3/4 
children 
-girls vs boys 
-surprising results of some 
students 
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 Positive Negative Interesting 
The 
Teacher 
Focus 
Group 
meeting 
-informative(2) 
-Wow! So many areas in PV 
-very informative 
-interesting info for teaching PV 
-interesting 
-well prepared, concise info 
-very interesting, well worth PLT 
-hands on, useful and practical 
-so organized and interesting, 
congrats 
-very well organized, many thanks 
-would have loved more info, could 
listen to you all day. 
-great ideas for teaching PV 
-very interesting analysis 
-good insight 
-very informative, well presented, 
excellent info 
-understanding the background to 
the test 
-excellent presenter 
-well organized, well thought out 
-well organized, ran very smoothly, 
facilitator very positive and instilled 
excitement among teachers 
-very professionally run and 
organized 
-huge amount of preparation, very 
engaging 
-informative, even for P-2 who were 
not involved. Great to know where 
they need to focus 
-lots of teaching to cover 
-too much to cover 
-could have gone longer, 
shame to rush 
-rushed 
-not long enough 
-too much to cover in the 
time, please come back 
-running out of time 
-more in depth data 
-would like to see the part 
about the different types 
of questions and how you 
tackle problem areas 
-rushing because of time 
constraints 
-different ways to teach PV 
-different ways of 
presenting PV activities 
-variety of ways to use PV 
-thanks for all of your hard 
work, effort and time. 
-can we have a copy of 
PowerPoint? 
-need 2 PLTs 
-sorting out the questions 
-food for thought for further 
teaching 
-you can always learn more 
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APPENDIX AAA 
All Stage One PVAT items 
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Make/Represent 
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Name/Record 
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Make/Represent
 
Make/Represent
 
Rename 
 
Rename 
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APPENDIX BBB 
All Stage Two PVAT Items 
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Count
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Rename 
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Rename 
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APPENDIX CCC 
All Stage Three PVAT Items 
Calculate
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Name/Record
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Rename 
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APPENDIX DDD 
All Stage Four PVAT Items 
Calculate 
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Make/Represent
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Count  
Rename
 
Count
 
Compare/Order
 
Rename 
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APPENDIX EEE 
Examples of ‘column locator’ Place Value Worksheets 
from Pinterest 
 
 
Worksheetfun.(2013) Teacherspayteachers.com (2013b) 
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Teacherspayteachers.com.(2013a) Teachingresourcesfortheclassroom.com.(2013) 
 
 
